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more strip for TINWPLATE 





The 21” and 53” x« 42” 5-Stand Tandem Cold Strip Mill 
at Velindre, rolling steel strip for tinplate at 5,000 feet per minute. 


‘The Velindre Tinplate Mill of the Steel Company of Wales is the most 
modern in the world and has come into operation more quickly and 


smoothly than was to have been anticipated.” 


The Chairman, The Metal Box Company Limited, 
in Statement to Shareholders 21st July, 1958. 


SHEFFIELD MIDDLESBROUGH * GLASGOW 





THE SKEFKO BALL BEARING COMPANY LIMITED » LUTON: BEDS 


THE ONLY BRITISH MANUFACTURER OF ALL FOUR BASIC BEARING TYPES: BALL, CYLINDRICAL ROLLER, TAPER ROLLER & SPHERICAL ROLLER 
Gi8s 
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This complete BIGWOOD slitting line operates in the 








Castle Works of Guest Keen & Nettlefolds (South Wales) Ltd 











PMN HE RA NCE Nsasy 





The complete Bigwood slitting line shown above 
comprises coil loading bogie, pay-off reel, oiling 
machine, gang slitter, re-coiler with hydraulic push-off 
and coil stripper carriage. 

The line can deal with strip up to a maximum width 
of 20 inches in thicknesses from 0.04 to 0.064 ins. at a 
pass speed of 250/450 ft. per minute. 


JOSHUA BIGWOOD & SON LIMITED - WOLVERHAMPTON 


MAKERS OF: Straightening Machines (for bars, tubes & sections), Roller 
levellers, Hydraulic stretchers, Plate & section benders, Screw presses, Coil 
processing lines, Lines for forming sections from strip, and a variety of 
other metal working machines. 

B.142 
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M/ACTE UWEAT DEPAVEDY 





Equipment installed includes 


WAGON TIPPLER 


Ore and limestone handling | DUST TRAPPING 


at Ravenscraig 


BELT CONVEYORS 
TELPHER SYSTEM 
WAGON MARSHALLING 
AUTOMATIC BATCHING 
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TRACHAN & HENSHAW LTD 


STEELHOIST WORKS, 


BRISTOL. TELEPHONE 78331 

















WASTE HEAT RECOVERY 
IN THE STEEL INDUSTRY 








Photograph by courtesy of Messrs. John Lysaght’s Scunthorpe Works Ltd. 


One of a battery of SPENCER-BONECOURT Waste 
Heat Boilers operating on Open Hearth Steel Melting 
Furnaces at John Lysaght’s Scunthorpe Works Ltd., 
Scunthorpe. 


Waste heat recovery on Steel Melting Furnaces is essential to increase thermal 
efficiency, and is also a proved means of increasing steel output to assist in satisfying 
the ever-widening demand. 


Consult the Specialists 
in Waste Heat Recovery 


SPENCER-BONECOURT-CLARKSON LTD 


28 EASTON STREET, LONDON, W.C.1 Telephone: TERminus 7466. Telegrams: ‘‘Heatecon, Phone, London”. 
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APPLEBY- 
FRODINGHAM 


SECOND 
INSTALLATION 


66 OVENS 


CORBY-DEENE 


FIRST 
INSTALLATION 


51 OVENS 


Cparctorg, | 
MURTON 

FIRST UL 
INSTAL ‘ON 


50 OVENS 


Cpaaretong Je 
pretoria 95/ 
SIXTH 

INSTALL N 


51 OVENS 


Woodall-Ouckham House, 63-77 Brompton Road, London, $.W.3 
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GLASSHOUGHTON 

FIRST INSTALLATION 
. 42 OVENS 
an 5 Pee Sal a o 


™ 7 
™} woes 
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VANDERBIJL 
PARK 


THIRD 
INSTALLATION 


55 OVENS 


BAIRDS 
SECOND 
INSTALLATION 


37 OVENS 


LYSAGHT 


FIFTH 
INSTALLATION 


23 OVENS 


PRETORIA 


FIFTH 
INSTALLATION 


51 OVENS 


REDBOURN 


THIRD 
INSTALLATION 


62 OVENS 


F 










) NEW coking plants 


under construction 


The New Batteries of W-D Becker Underjet 
Coke Ovens at the Glasshoughton Works of the 


North Eastern Division of the National Coal Board 
nearing completion. 

The Batteries will carbonise some 880 tons of coal 
daily from which blast furnace, domestic and 


industrial coke and town gas will be produced. 


WOODALL—DUCKHAM 


@pD Construction Company Ltd. 


Tel: KENsington 6355 (14 lines) Grams: Retortical (Southkens) London 
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GOR-TEN 1S STILL NEWS 


In 1954, for the first time in Britain on a 
wide continuous strip mill, The Steel 
Company of Wales began the manufac- 
ture of scw Cor-Ten. 

Today, four years later, the range of 
application for sc w Cor-Ten continues 
to grow as more designers and more 
users discover new ways in which they 
can take advantage of its outstanding 
properties. 


“+s 


Ba A 


— 


cor. TEN IS TOUGHER 


@ Weight for weight, the yield strength 
of sc w Cor-Ten is 50° higher than 
ordinary mild steel 
alternatively 
Strength for strength, a saving of 4 
of the weight is possible 

@ 4-6 times more resistant to atmo- 
spheric corrosion 

@® Highly resistant to abrasion and 
fatigue. 


COR-TEN SAVES MONEY 


@ Initial costs are spread over a longer 
service life 

@ Maintenance costs are reduced 

@ Operating costs are lowered—in 
transport applications payloads are 
bigger because of reduction in tare 
weight 
Please write to us at the address below for 
further information or for technical assist- 
ance in the application of sc w Cor-Ten to 
vour products 





Photograph by courtesy of Caterpillar Tractor Company Lid 


: - “ 
Wherever higher strength or greater resistance to atmospheric corro- 
sion offer economic advantages. SC W Cor-Ten has been used. Where 
corrosion and abrasion are both present (as in the case above) ScW 
Cor-Ten’s outstanding advantages are particularly effective. 









SOW BRAND 


Orv ien 


Vy >) 

RAILWAY ROLLING STOCK 
4GRICULTURAL AND EARTH-MOVING EQUIPMENT 
MINE CARS ~« POWER STATION INSTALLATIONS 
BARGES AND SMALL CRAFT 


THE STEEL COMPANY OF WALES LOMETED 


ABBEY WORKS, PORT TALBOT, 


GLAMORGAN TELEPHONE: PORT TALBOT 3161 
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GHKGN 


put steel 
into shape 


Wherever you go you will find the — 


products of one or another of the ‘TN i 
companies in the GKN group. 4 a | iss 

From safety pins to steel furni- | 
ture, buckets to bridges, light 
pressings to giant stampings, the 
smallest screw to the largest steel 
buildings—GKN make some- 
thing for every industry under the 
sun. Whatever may be needed in 
the way of steel components or 
assemblies, there’s a GKN com- 
pany with the experience, the re- 
sources and the big-scale produc- 


tion facilities to supply it. 





For steel in any shape or form 


you'll find a handy group to know 


hw 


GKN products and services include: INDUSTRIAL STEEL ; RAILWAY, COLLIERY AND FARMING EQUIPMENT; 
WHEELS AND CHASSIS FRAMES; SCAFFOLDING AND RAINWATER GOODS; WELDED PIPEWORK ; HOLLOWARE; 
FORGINGS AND PRESSINGS ; COMPLETE ASSEMBLIES OF ALL KINDS; FASTENINGS FOR EVERY PURPOSE, 


GUEST, KEEN & NETTLEFOLDS, LIMITED, 66 CANNON STREET, LONDON, E.C.4. 
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(1) 14-hole Soaking Pit Installation in 
South Wales fired with cold blast furnace 
gas and having accommodation for 140 
four-ton ingots. 


Repeat order for 4-holes with fully auto- 
matic reversing control now in operation, 
making total capacity 180 four-ton ingots. 


Further repeat order for 4-holes now in 
operation with complete fully automatic 
reversing equipment together with fully 
automaticair/gas ratioand draught control, 
and completely sealed covers, making a 
total holding capacity of 220 4-ton ingots. 


(2) Installation in Cumberland accom- 
modating 40 four-ton ingots and fired 
with blast furnace and coke oven gas 
having no pre-heat. Automatic gas/air 
ratio control. 


(3) Installation in India with 16-holes 
fired with cold blast furnace gas and having 
automatic reversing control. 


(4) Installation on N.E. Coast accom- 
modating an average of 100 tons of slab 


THE 


—— 


ae ™™ 


ingots varying between 4 and I] tons 
each, fired with 100 per cent. cold blast 
furnace gas, with fully automatic reversal. 


(5) Installation on N.E. Coast accom- 
modating 160 3}/4-ton ingots, fired with 
blast furnace gas and having fully auto- 
matic reversal equipment and air/gas 
ratio control. 


(6) Installation in the Midlands of 4-hole 
plant accommodating 40 3/34-ton ingots 
fired with 100 per cent. cold blast furnace 
gas with automatic reversal equipment, 
gas/air ratio and furnace pressure control 
with completely sealed covers. 


Repeat order for 2-hole plant to accom- 
modate 24 3/34-ton ingots with fully 
automatic reversing equipment and com- 
plete automatic air/gas ratio and draught 
control with completely sealed covers. 


(7) Installation in South Africa of 8-holes 
with automatic reversal and fully auto- 
matic combustion control now under 
construction. 


INTERNATIONAL 


56 KINGSWAY, LONDON, W.C.2 
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SOAKING PIT FURNACES 


% PERFECTLY UNIFORM HEATING BOTTOM AND TOP OF INGOT. 
% EXTREMELY SIMPLE CONTROL. 
% SUITABLE FOR FIRING WITH PRODUCER, BLAST FURNACE OR MIXED GAS. 


% ISLEY SOAKING PITS WILL HEAT COLD INGOTS TO OVER 1300° C. USING 
STRAIGHT BLAST FURNACE GAS WITH ABSOLUTELY NO PREHEAT OF GAS. 


% COMPLETELY SEALED COVERS. 


* AUTOMATIC GAS/AIR RATIO CONTROL AND AUTOMATIC FURNACE 
PRESSURE CONTROL. 


% FULLY AUTOMATIC REVERSAL GEAR. 





OTHER SPECIALITIES: 


PRODUCER GAS MACHINES @ HOT METAL MIXER CARS 
@ TYPHOON ROTARY FLAME GAS BURNERS @ = MILL 
FURNACES @ “ARCA” GAS PRESSURE REGULATORS e 
AIRJECTORS * NASSHEUER CONTINUOUS BRIGHT 
ANNEALING FURNACES (SOLE LICENSEES) 


CONSTRUCTION CO. LTD. 


Telephone: HOLBORN 1871/2 Telegrams: SAHLIN, WESTCENT 2 LONDON 
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the mellere 


BROWN BAYLEY 
STEELS LIMITED /2#0wi 
BAYIEVS 
SHEFFIELD 
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DESIGN, MANUFACTURE AND INSTALL 


Conveyors Feeding Iron Ore 
to Blast Furnace Bunkers. 


Ore Plants 

Fuel Plants 

Bulk Handling 

Belt Conveyors 

Belt Conveyor Idlers 
Slat Conveyors 


Scraper Conveyors 


Trippers feeding Ore 
to Dockside Bunkers. 













Chain Conveyors 
Portable Conveyors 


Roller Conveyors 





Bucket Elevators 
Swing Tray Elevators 
Skip Hoists 


Vibrating Screens 


Boomstacker stock- 
piling Iron Ore. 


MOXEY LTD 


13 AUGUSTUS ROAD 
BIRMINGHAM 15 


Also at LONDON, GLASGOW, 
MONTREAL, MELBOURNE 


Iron Ore Stocking out 
Bridge. 





Pi we  T—/_,Ee=—p, WGew~w, “Gere GErnrme 














FOR 
HIGH DUTY 
AND 
MALLEABLE 
CASTINGS 


= ee ae ee, ling 
Nhe anon at a ell 
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The seven standard grades of Stanton Dale Refined Pig Iron 















































GRADES: A B | C D 7 s G 
SILICON % 19..2°{ 1416 | O-9-I-1 | 2°25-2°5 | 0°9-I°1 1-4-1°6 1-9-2°1 
SULPHUR % 0:06 0:07 0°08 0°05 0:08 0:07 0:06 
PHOSPHORUS % 06-07 | 06-07 | 0°6-0°7 0°4-0'5 0°25 0-25 0°25 
MANGANESE % | O8-1°5 | O8-I'5 | O8-I'5 | O-8-I°5 | O8-I°5 | OBIS | 0-8-1-5 
TOTAL CARBON % 2:7-3-0 2-8-3: 


In addition to the above other grades of Dale Refined Iron can be 
supplied to meet more exacting demands which call for alloy additions 


and special processing. 





STANTON A UY L4/) PIG IRON 


THE STANTON IRONWORKS COMPANY LIMITED NEAR NOTTINGHAM 


1? 
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FOR THE COAL 
INDUSTRY 





Please write for further details to: 


THE COPPEE COMPANY 


COPPEE HOUSE - 140 PICCADILLY 
LONDON W.1I Telephone: HYDe Park 680! 


(GREAT BRITAIN) LIMITED 


Telegrams: EVCOPPEE, NORPHONE, LONDON 
GLASGOW: 121 DOUGLAS STREET, C.2 
NEWCASTLE-ON-TYNE ;: MANSION HOUSE CHAMBERS, THE CLOSE 
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COLVILLES 


~ 
INTERPRETING THE PRESENT AND PLANNING THE FUTURE! 








FITNESS FOR PURPOSE STEELS 


COLVILLES LIMITED - 195 WEST GEORGE STREET - GLASGOW C2 


/ 
. 7 
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NMobtux Crease. is a lithium-base 


lubricant of excellent structural stability and 
purity. It is a new, general-purpose grease 
superseding conventional greases. It provides 
effective lubrication for the majority of grease 
applications over a temperature range from 
minus 20°F to 250°F. It is exceptionally resistant 
to water washing and contains special 


additives to prevent rust formation. Both in 





the laboratory and in the field Mobilux Grease 


oe 


has proved its outstanding efficiency as a 







lubricant and protector. 


MOBILUX 
GREASE 








Mobil MOBIL INDUSTRIAL LUBRICANTS 
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LIMITED 


BIRMINGHAM MANCHESTER SHEFFIELD LONDON 
Scapa Works Frederick Road Stevenson Road Scapa House 
Langley Green Pendleton Attercliffe Park Royal Road 

Oldbury, Birmingham Salford 6 Tel: Sheffield 41216 London N.W.10 

Tel: Broadwell 1611 Tel : Pendleton 2481 Tel: Elgar 5811 


Also at Newcastle, Bedford, Cardiff, Bow, Coventry ete. 


A METAL INDUSTRIES ] Gk OO Os CO MP A.M 
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BRITISH STEEL 


AT ITS 


BEST 


CARBONS UP TO 1.0", 
\ DEEP STAMPING 
AND 
/ RIMMING 
FREE CUTTING 


LEAD BEARING 


“— 


j 

. JOHN LYSAGHT’S SCUNTHORPE WORKS LIMITED 

) NORMANBY PARK STEEL WORKS, 
SCUNTHORPE, LINCOLNSHIRE 


\ Tele. 2271 (5 lines) 
—_ 
ti: ale 











re _STEELWORKS EQUIPMENT 
ADAMSON- ALLIANCE; 








ss 
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Electrification 
of the fastest hot strip mill 
in Britain 















> ‘at 
a > a , take BRINSWORTH MILL, ROTHERHAM 


- 
* 
ye . 


i mai dy i The new Brinsworth Mill of Steel Peech & 
— “tba . , 


= 


Tozer, Rotherham, which produces 3,300 ft. 
per minute of hot strip was engineered 
electrically by “ENGLISH ELECTRIC’ under 
a comprehensive contract. 
Brinsworth, the fastest hot strip mill in 
Britain, is powered by drives totalling 
over 14,000 h.p. r.m.s., fed from 
sealed steel tank mercury arc recti- 
fier equipment. 
The finishing stand controls in- 
corporate automatic speed holding 


and automatic loop control. 


ENGI ISH lI ECTRIC 
4 4 4 . 
DIVULGE I1wLEU AU 


steelworks equipment 





i i | EE i, 
i a , 


THE ENGLISH ELECTRIC COMPANY LIMITED, MARCONI HOUSE, STRAND, LONDON, W.C.2 
Metal Industries Division, Stafford 


WORKS: STAFFORD PRESTON RUGBY BRADFORD I VERPOOL ACCRINGTON 


MT48G8 
March, 1959 
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SCHLOEMANN 


Heavy Plate Mill 


The new four-high rolling mill and its extensive 
finishing end built by SCHLOEMANN in Oberhausen/ 
Ruhr District, is planned for a monthly production 
of 30,000 tons of high quality plate. A number of 
novel features, both in overall planning and in the 
design and use of individual units of machinery, 
make this rolling mill particularly interesting. Please 
ask for our prospectus W 5/321 which is an illustrated 
description of this modern heavy plate mill. 
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IN CARBON LOW ALLOY, 
MANGANESE AND OTHER 

* WEAR RESISTING STEELS, 
ge STAINLESS AND HEAT 
pm §6RESISTING STEELS. 



































SR ££ £8 





HADFIELDS ET ee. EAST HECLA WORKS, SMEFFILEL DO. ENGLAND. 
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STEELS FOR FORGINGS 
AND DROP STAMPINGS 







































































COLD HE ADING W nda 






















RANGE OF QUALITIES 

Steels in the carbon range 0:08 0°85% 
Case — Hardening Steels 

Free Cutting Steels 

Low Alloy Steels 


RANGE OF PRODUCTS 

Billets from 3” square upwards 

Rounds 3” to 94” Squares 3” to 44 
Hexagons 32” to 33” Flats 14” to 12” wide 
Coiled Bars 3” to | ,4,” 

HARD SHAFT STEELS Cold Forging Quality Wires 

Colliery Arches, Props and Accessories 




















MILD, CARBON AND 
ALLOY STEEL BARS 









THE PARK GATE IRON & STEEL COMPANY LIMITED. ROTHERHAM 


TELEPHONE : ROTHERHAM 214! (10 LINES (® TELEGRAMS YORKSHIRE - PARKGATE YORKS 
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Salem Rotary Hearth Furnaces 
show significant advantages over pusher-types. 

They are complete with automatic charge and discharge equipment 
and handle Ingots, Slabs, Billets, or Rounds with a wide range of 
capacities. Economy of operation is achieved by reduced manpower, 
low maintenance and greater uniformity of heating. Each piece 
to be heated is placed separately on the hearth so that 
no cold spots are possible. 


ROTARY HEARTH FURNACES 


We also design and erect the following furnaces: 
Hearth, Soaking Pits, Direct Fired Annealing Furnaces, 
Continuous Automatic Pusher and Roller Hearth furnaces 
for heat treatment. We also supply labour for lining Blast 
Furnaces and Stoves, Open Hearth rebuilds, etc. 


Open 
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OLLER GUIDES 
in your bar or wire 
rod mill 


0... entry friction guides are rigidly 


clamped into the guide box. They are intended 
to lead the oval to the groove in the roller, to 
protect the rollers against overloading, and to 
straighten bent rods. 

The groove in the entry guides is made about 
1/8" wider than the oval. 


The rollers are mounted on leaf springs, 
which can be adjusted by means of the screws 
“B”, and hold the oval steadily even if there 
should be some slight variation in the thick- 
ness of the oval. 


© If the thickness of the oval should vary, 
the springs of both rollers yield an equal 
amount, so that the oval remains in the centre 
of the groove. 


To tilt the oval, the screws “A” are ad- 
justed. One roller will then be lifted as much 


as the other is lowered. 


As the oval is held very rigidly, the lead- 
er oval for wire rod may be thick, unless 
other circumstances call for a thinner oval. 


6 The roller guide assemblies are narrow, 


and all screws that require adjustment during 
rolling are accessible from the front of the mill. 
No lateral space outside the guide box is there- 
fore required for gaining access to the set 
screws, and the guide box assembly can thus 
be located close to the mill housing. 


MORGARDSHAMMAR 


MORGARDSHAMMARS MEK VERKSTADS AB « MORGARDSHAMMAR «+ SWEDEN 
shammar, Ludvika. Swe 






Telegrams: Morgar 


you should use these 





Nos. 125 and 155 roller guides fitted in a 27 1/2 in. (700 
mm.) diameter, three-high stand for rolling 2 3/4, 3 3/16, 
3 9/16, 4, 4 3/8 and 4 7/8 in. (70, 80, 90, 100, 110 and 
124 mm.). 





7) As the groove 


and nothing but rolling friction acts on the 
oval, the latter is very easily introduced into 


in the entry guides is wide 


the pass, and there is practically no risk of 
scratching the bar. 


8) The roller guide may be used not only 


for leader and drawing oval passes but also for 
edging flats as well as for rolling squares, hexa- 
gons, octagons and various other sections, for 
instance in reduction passes for hexagon. It is 
suitable for all types of rolling mill. An impor- 
tant advantage is that the roller guide enables 
repeaters to be used in rolling plump leader- 


ovals. 


Practically speaking, every bar and 
wire rod mill in Scandinavia uses rol- 
ler guides of our design. 


For the complete story — 
send for your copy of Bulle- 
tin L3-1E. 






en 
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CEMENTS, PLASTICS AND CASTABLES 


From our extensive range of Refractory Cements, Plastics and Castables, covering a wide 
range of properties, we can supply the correct material for most industrial applications 



















“Nettle” Refractory Cement 
Heat-setting 





“Stein” High Alumina Cement 
Heat-setting 


“Maksiccar 11" Refractory Cement 
Air-setting 


“Maksiccar”’ Fire Cement 
Air-setting 


Ge Oe PLASTIC 


a9 REFRACTORIES 








“Maksiccar Patch” 









Air-setting 





“Stein 73 Patch’ 


Air-setting 













“Stein Refractory Concrete” 
Hydraulic-setting 






“Stein Super Refractory Concrete” 
Nos. 16,17 4& 18. Hydraulic-setting 






“Stein Chrome Concrete” 
Hydraulic-setting 






Please ask for a copy of our No. 4 Pamphlet. 






vet 


STEIN & CO. LTD. Bonnybridge 





. Scotland 
tt ANK NOG? i (4 LINE 


t ¥ 
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A matter of degree... 






Day in, day out, year in and year out the healthy 
human body is temperature controlled at a 
steady 98°4° Fahrenheit—and without using 


electronics or thermocouples. 


We “The Pyrometer People” —cast in the 
common mould—play our part in keeping 
the industrial body well controlled with 
instruinents which also stand the test of time 
because they are designed and built by 
craftsmen who take pride in a job well 
done. In fact, we are old fashioned 
enough to believe that British craftsman- 
ship is still highly regarded by the 


discerning purchaser. 


As one of the largest firms in Europe 

devoted *entirely to pyrometry with nearly 
fifty years’ experience behind us we 
welcome enquiries from anywhere in the. 
world on the problems associated with 
temperature measurement and control, and 
after sales our Service Contract Scheme 
ensures the continued accuracy of our 
equipment. These are points to remember 
when the occasion arises. In the meantime 


send for our descriptive literature — we shall 





be happy to show you the things we make. 


ELECTRICAL RESISTANCE THERMOMETERS 
THERMO-ELECTRIC PYROMETERS 

TOTAL RADIATION PYROMETERS 
OPTICAL PYROMETERS 

PHOTO-ELECTRIC PYROMETERS 





*Sorry, this is not strictly true, we do make 


the incomparable Introscopes for internal “The Pyrometer People” 
inspection. FOSTER INSTRUMENT COMPANY LIMITED 


Letchworth (984-5-6) Hertfordshire - England 
Members of S.1.M.A. and B.1.M.C.A.M. 


first 


TUhS | ‘- R ( for temperature measurement and control 


= 
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GRIFFIN BRAND 


TEEL SHEETS 


* Light and Heavy industry are served 
by GRIFFIN BRAND Steel Sheets 
Black, Galvanised, Flat and Corrugated. 








*& We make the widest Steel Sheets and 
have the largest general Galvanizing 
Plant in Great Britain. 





* Metal Spraying by the most up-to-date 
methods done in our works or ‘in situ’’. 











Metals deposited include: Zinc, Tin, 
Aluminium, Copper, and all its alloys, 
Cadmium, Monel Metal, etc. 











179 WEST GEORGE STREET, 
GLASGOW, C.2 


Tel. : CENtral 0442 'Grams: CIVILITY, Glasgow 
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Main Panel and Control Stations for the Main 
Motor Screw Downs and Coilers of single stand 
Reversing Mill. 

Supplied to The English Electric Co. Ltd., 
Stafford, for Messrs. Graham Firth Steel Products 


Ltd., Walsall. 
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May we have your enquiries for 


steel works automatic control gear ? y Be a rs ies TONGUE a ¥ 
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CONTACTOR SWITCHGEAR LTD. 
BLAKENHALL - WOLVERHAMPTON - ENGLAND 


Telephone: Wolverhampton 25911 /7 Telegrams : TACTORGEAR Wolverhampton 
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HOT ROLLED STEEL BARS 


Round + Square « Flat 
Ferro-Concrete Bars bent to Specification 


HOT ROLLED STEEL 
HOOPS AND STRIP 


Coils or cut lengths 


COLD ROLLED = 
STEEL STRIP very neavy 


in all qualities including CONTINUOUS 


Special Deep Stamping LENGTH 
in cut lengths or coils COILS 
Electro-Galvanised Strip 


THE WHITEHEAD IRON & STEEL CO LTD 


Phone: 6540! (P.B.X.) NEWPORT MON Grams: Whitehead Newport 


LONDON OFFICE BIRMINGHAM OFFICE GLASGOW OFFICE MANCHESTER OFFICE 
STEEL HOUSE, KING EDWARD HOUSE, 50 WELLINGTON STREET, CHRONICLE BUILDINGS, 
TOTHILL STREET, S.W.! NEW STREET, BIRMINGHAM, 2 GLASGOW, C.2 MANCHESTER 
Telegrams : Telegrams: Telegrams: Telegrams: 
WHITEDSTEL, PARL, LONDON WHITEDSTEL, BIRMINGHAM WHITEDSTEL, GLASGOW WHITEDSTEL, MANCHESTER 
Telephone: Telephone: Telephone: Telephone: 
WHITEHALL 2984 MIDLAND 0412-3 CENTRAL 1528 BLACKFRIARS 3172 
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Electronic 
Air Filters 
for the 

ron & Steel 
Industry 







A Trion Electronic Air Filter installation cleaning the 
cooling air supplied to electrical equipment ina 
strip mill at the Hawarden Bridge Steelworks of 
Messrs. John Summers & Sons Ltd. The lower 
illustration shows the inlet face of the filter. 





The extremely high efficiency of the Trion 
Electronic Air Filter, 90°, Photometric Basis (99°5 % 
on a weight basis), makes it eminently suitable 
for a wide variety of applications in the Iron and 
Steel Industry. It ensures that electric motors, 
switchgear and sensitive instruments are given 
adequate protection against the troublesome 
mass of small particles which can be the major 
cause of expensive breakdowns. 





This extremely high efficiency does not mean 
that the Trion Electronic Air Filter is more 
expensive than other types of filter having much 
lower efficiencies. The initial cost is attractive, 
maintenance costs are negligible, expensive 
replacements unnecessary and power 
consumption exceptionally low. 





For full details please write for publication No. 67/24 


industrial Applications: 


Ww. C. HOLMES & Co. LTD. 


Gas Cleaning Division, TURNBRIDGE, HUDDERSFIELD 
Telephones: Huddersfield 5280 - London: Victoria 9971 + Birmingham: Midland 6830 


Commercial Applications: Harris Engineering Co. Ltd., York Works, Browning St, London, S.E.17 
9845 
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GUEST KEEN IRON & STEEL 
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GUEST 
yd KEEN 


IRON & STEEL COMPANY LIMITED, 


east moors, GARDIFF. 


TELEPHONE: CARDIFF 33151 
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Tri-Mor Plastics 
and Gastables 
make installation 


Easier 
Quicker 
and Cheaper 





TRI-MOR GRADES 


TRI-MOR Standard Castable 

A medium texture refractory having negligible shrinkage 
up to 1,350 C. Suitable for casting special shapes or for 
monolithic structures. Limiting service temperature 
1,350 C. 


TRI-MOR High Strength Castable 


A similar refractory to Tri-Mor Standard Castable, but 
specially developed to have very high mechanical 
strength over the lower temperature range. Maximum 
service temperature 1,250 C. 


: TRI-MOR High Temperature Castable 


Suitable for face temperatures up to 1,600 C; has an 

extremely high resistance to thermal shock; used for cast 

in situ monolithic structures and for pre-cast refractory 
shapes; can be applied with a cement gun. 


MORGAN 


efractories Ltd 








eA fen a 2; 
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Bustle main of Queen Victoria Blast Furnace showing ‘ gunned’ lining in Tri-Mor Den Guncret 
Inside diameter of shell 5 feet. Thickness of ‘Guncrete’ lining 9 inche 
Photograph by courtesy of the Appleby-Frodingham Steel Co. (Branch of the United § Compar Ltd 


TRI-MOR High Temperature Mouldable 

A plastic refractory for use up to 1,650 C: low shrinkage 
and a high resistance to spalling. Supplied mixed to the 
correct consistency for installation 


TRI-MOR Dense ‘‘ Guncrete”’ 

A hydraulic setting refractory with a maximum service 
temperature of 1,300 C. It has a high resistanee to 
abrasion. Designed for application by cement gun, but 
can be trowelled. 

TRI-MOR J/nsulating Castable 

An insulating castable for maximum service temperatures 
of 1,200 'C; low thermal conductivity is its main feature 
TRI-MOR Insulating “ Guncrete”’ 

Similar to Tri-Mor Insulating Castable but for applica- 
tion by cement gun 


Full details of each grade are available on request 


For further informatio» 


MORGAN REFRACTORIES LTD 
NESTON, WIRRAL, CHESHIRE. TEL: NESTON 1406 ne 143 
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A GXTETTS HEAVY DUTY FIXING DEVICE 


ail 
————— 


RAWLEBOLfS 


There is no waiting for cement to harden when you use Rawlbolts. 








The holes are drilled with a Rawltool to the exact size, 

the Rawlbolts dropped in and after the machine has been positioned 
the bolts are tightened. The expansion of the members locks 

the bolts in the holes. 


or shock. The machine can be put into operation immediately. 


They cannot work loose through vibration 


Rawlbolts have earned a sterling reputation for strength and reliability 
throughout the world—they are used by the million every month. 
Rawlbolts grip by expansion—their strength as a fixing is 

based on the enormous compressive strength of concrete itself. 


RAWLBOLTS ARE MADE IN TWO TYPES 


For fixing heavy machinery to floors there is the 
Loose Bolt type of Rawlbolt which enables the 
machine to be slid into position after the 
Rawlbolt has been inserted. For wall fixings use 
the Bolt Projecting type which will position 





the fixing before tightening up. 











Please write for Chart and descriptive literature. 





Tools that save time For hole boring there is a big range of high 
efficiency Rawlplug tools for use by hand, electric and air power. 











STARDRILLS 


For hand boring for 
all Rawlbolt sizes. 


TRIFORM DRILLS 
For use in electric 
hammers for Rawl- 
bolts sizes C to K, 


P. H. BITS 


For use in pneu- 
matic hammers for 
Rawlbolt sizes 
E to K. 





DURIUM MASONRY 


RAWLODRILLS 


For hand boring for 
Rawlbolt sizes 
A to G. 


BS45A 











DRILLS 


For use in hand and 
electric drills for 
Rawlbolt sizes 


C to G. 














DURIUM HAMMER 
DRILLS 


For use in electric 
hammers for Rawl- 
bolt sizes C to J. 











RAWLPLUG co. LTD., CROMWELL ROAD, LONDON, S.W.7. | THE WORLD'S LARGEST MANUFACTURERS OF FIXING DEVICES. 
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PLUS INCREASED EFFICIENCY 


CARBLOX 
has greater resistance to the attack of iron 


and slag than normal firebrick. 


CARBLOX 


has low after-contraction and its high thermal 
conductivity greatly increases cooling efficiency. 


CARBLOX 


tons to the square inch. Is two to three times as resistant 


shows no deformation under a load of two 


to abrasion. 


CARBLOX 


has a cold crushing strength about four times 
that of ordinary firebrick. Carblox must be used under 
reducing conditions. 


D> D> BP D> D> D> 


for the WELL WALL 
BOSH & HEARTH 


CARBLOX LIMITED, STORRS BRIDGE WORKS, LOXLEY, Photograph by courtesy of Appleby-Frodingham 
NEAR SHEFFIELD. Telephone: SHEFFIELD 343844 (5 lines) Steel Company (Branch of the United Steel 


Companies Limited) 
One of the Marshall Refractories Group of Companies 








WELL OVER 100 CARBLOX BLAST FURNACE LININGS THROUGHOUT THE WORLD. 
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Progress must have a past... 


The Morgan Crucible Company’s past started a hundred 
years ago—in the Morgan Brothers’ warehouse in Jewin 
Crescent in London. 

Progress since then has been on such a scale that today every 
industry in the land makes use, either directly or indirectly, 
of Morgan products and components. With that sort of 
experience behind them, no wonder Morgan chemists, 
engineers, metallurgists, physicists, technologists and crafts- 
men are facing the future with such confidence—and indeed 
are already playing an important part in the widening fields 
of electronic and nuclear engineering. 





MQ R G A N S CARBON AND GRAPHITE—ELECTRICAL, CHEMICAL 


AND MECHANICAL; CRUCIBLES, FURNACES, 


EG titer REFRACTORIES; RADIO PARTS; SINTERED METAL 
* OU ‘ ZA PRODUCTS AND ELECTRIC FURNACE ELEMENTS. 





THE MORGAN CRUCIBLE COMPANY LIMITED, BATTERSEA CHURCH ROAD, LONDON, S.W.1II 
MCC 126/A. Telephone: BATtersea 8822 
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VERSATILITY 


Superior sealing & unusually long service 


VIM LEATHER “V” PACKINGS can be 
used for most installation designs and, because 
of the wide variety of impregnating compounds 
employed, these “V’s” are suitable for oil, 
brine, water, aqueous solutions, air, oxygen and 
other gases. 


VIM “V’s” help to keep production rates to 
schedule. Technical advice on request. 
Manufactured by the Leather Packings Division of 
UDLUULUVOUUUOUUVOCIUOUTURCYOOLLVUECOOUOVOCEOOCTEOCOOOGUOOUCUOUCHOOLUOCLOOCTOUOUUCEAT 
Other Vaughan Products : 


Metal Cutting Oils, Drawing Compounds, Rust Pre- 
ventives, Hydraulic Oils and Fluids, Special Lubri- 
cating Oils and Greases, Heat Treatment Oils and 


.. Vaughan 


€ Co. Ltd. 
BIRMINGHAM -4 - ENGLAND 


Works and depots at : Birmingham, Manchester, Liverpool, Southall 





Salts, Industrial Cleaners, Fuel Oil Additives. 
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(Middx.), Bristol, Glasgow. 








Europe, too, 
takes its materials handling 
problems to G.E.C. 





OF ENGLAND A 


THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND 
FRASER & CHALMERS ENGINEERING WORKS. ERITH. KENT 


} . _ , 
+ \ ) } ¢ 
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..» COULD A VACUUM FURNACE 
DO THE SAME 
FOR YOUR PRODUCTS? 


Model 2555 Vacuum Induction Fur- Model 2705 Non-Consumable Arc 
mace with melting capacity of 50 Skull Furnace with a capacity of 50 
pounds of steel. Other standard pounds of titanium. Other standard 
furnaces have capacities of 12 to vacuum arc furnaces have capacities 
3,000 pounds of 8 to 10,000 pounds of titanium. 


ba 


BarieLD 
Sag ge y 


for all heat-treatment purposes 


i/ 


WILD-BARFIELD ELECTRIC 


ELECFURN WORKS : OTTERSPOOL WAY * WATFORD BY-PASS , 
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P= HAVE WORKED WONDERS 
= JET PLANES 








FURNACES LIMITED 


JIA MoM. sGCiepnone vWa 


“VACUUM MELTED METALS i 


= E 

















Metals for parts to withstand jet engine temperatures 
and stresses can be produced in vacuum furnaces 
Such metals enable components to be made with 
fewer rejects. If your products need parts that 
operate under severe conditions or need high purity 
metals or alloys—a vacuum furnace will help you 
to produce them. 

Wild-Barfield can supply equipment made to the 
designs of and tested by the unrivalled experience 
of the National Research Corporation who have 
built and operated more high vacuum furnaces 
than any other company in the world. 

Write for details of the Wild-Barfield NRC range 
of high vacuum plant. 


WILD-BARFIELD NRC EQUIPMENT INCLUDES: 


VACUUM INDUCTION FURNACES 





VACUUM ARC FURNACES 










VACUUM RESISTANCE FURNACES 
VACUUM ANALYSING EQUIPMENT 
HIGH VACUUM DIFFUSION PUMPS 


LABORATORY VACUUM FURNACES 


Corporation, 


HER 
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REGISTERED TRADE 


CAPACITIES 


200 Ibs. to 133 tons 





ALTERNATIVE SPEEDS AND 
CREEP SPEEDS Flameproof and 


other special models available 





Our representative will be 
pleased to call on you 
anywhere in the world. 


HOISTS & PULLEY BLOCKS 


% Write or telephone for literature to: 




















-NASSHEUER 


FURNACES 


INCREASE PRODUCTION AND QUALITY 
LOWER MAINTENANCE AND OPERATING 
COSTS, OUTPUT UP TO 5 TONS PER 
HOUR, GAS OR ELECTRICALLY HEATED 





Strip in Coils 

Wire Coils 

Bar Materials 

Sheets in batches or singly 


SOLE LICENSEES lubes 


Ferrous or Non-Ferrous material 


THE INTERNATIONAL CONSTRUCTION CO., LTD. 


56 KINGSWAY - LONDON W.C.2. 
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Inside information 


ON INSULATING BRICKS 








Insulating bricks hold heat in place, make use of every available degree and 
save vital, expensive fuel. Boilers insulated with these bricks maintain an 
even temperature which reduces wastage of materials. 

Those are the bare facts on all insulating bricks. Further than that we 
cannot make claims for insulating bricks in general. But we can particularise 
on Newalls Nonpareil and Newparex insulating bricks and say much more. 

We know these bricks, because of their combined strength and thermal 
efficiency, can be used time after time and retain complete efficiency up to 
temperatures of 2012°F. 

We know that they are completely uniform in quality and size, are manu- 
factured from special materials and are of scientifically determined structure 
and are an investment to any firm interested in efficient thermal insulation, 


ew 0 Lis NONPAREIL AND NEWPAREX INSULATING BRICKS. 


) BRAND 





MEWALLS INSULATION CO.LTDB. 
Head Office: WASHINGTON, CO. DURHAM, 
A Member of the TURNER & NEWALL ORGANISATION 
Offices and Depots ata LONDON, GLASGOW, MANCHESTER, 
NEWCASTLE UPON TYNE, BIRMINGHAM, BELFAST, BRISTOL 
AND CARDIFF. Agents and vendors in most markets abroad. 
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The world’s largest turbo-blower was built and installed by Parsons at the 
Scunthorpe Works of the Appleby Frodingham Steel Company Branch of the 
United Stee] Companies Limited. 

Known as the ‘E’ Blower, it is designed to supplement the output of the four smaller 
turbo-blowers, also built and installed by Parsons, or to act as a separate unit blowing 
air direct to any one, or two, of the four blast furnaces at this modern iron works. 
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TURBO-BLOWERS 


‘E’ Blower is capable of delivering 160,000 cubic feet of free air per minute at a pressure of 35 1b. p.s.i. 


C.A.PARSONS & COMPANY LIMITED-HEATON WORKS:-NEWCASTLE UPON TYNE 6 
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Gas-fired and Electric Soaking Piis 


at Consett tron Co., Ltd 





serving the 
SoS 3550 SON onG Sais 





Electric Soaking Pits for short track time tonnage steel. 
* High Thermal efficiency—low energy consumption. 
* Elimination or control of scale—higher yield and 
control of surtace quality. 
* Elimination of flame impingement—longer brick- 
work life and lower maintenance costs. 
In electric pits for short track time steel, overall energy consumptions as 
low as 30 KWh./ton can be obtained with increased yields up to 1° 
The illustration shows a recently commissioned battery of two electric 
soaking pits each with a capacity of 160 tons for ingots up to 20 tons. 
They form an extension to the existing battery of 22S&A one-way 
fired pits installed 1952/3. 
For the most economic method of dealing with a wide range of ingot 
track times, instal a combination of electric and fuel fired pits 


STEIN & ATKINSON LTD. LONDON 
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G.E.C., as members of *ISCON, are supplying over 120 motor control 
centres for the control of all constant-speed a.c. motors as part 
of their substantial contribution to this £100 million steel project 
Designed to meet the exacting requirements of an integrated 
steelworks, G.E.C.-Motor Control Centres can accommodate a wide 
variety of plug-in units which may be readily interchanged o1 
isolated for inspection and maintenance. Comprehensive interlock 
ing ensures safety, and units may be extended or adapted to suit 
changing needs. 


*The Indian Iron and Steel Corporation 


G. rou Ge motor control centres 


THE GENERAL ELECTRIC CO LTD, MAGNET HOUSE, KINGSWAY, LONDON WC2 
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The choice of discerning 
urchasers everywhere... 





The latest Philips 
Electron Microscope 
EM 100-B 


PRODUCT OF N.V. PHILIPS, 
EINDHOVEN 








The fine Electron Microscopes of— 


PHILIPS 


The position occupied by PHILIPS as a leading producer of 
electron microscopes is one that has been achieved by sheer 

merit. Distributed and serviced on a world-wide scale—there are over 
200 PHILIPS Electron Microscopes in regular use in U.S.A. alone ! 


Everywhere acclaimed for their superlative performance and simplicity 
of operation and maintenance, the Electron Microscopes of 
PHILIPS have become a standard by which others too are judged. 


Publication No. 79,006 tells you why. Write for your copy to-day. 


Sole distributors in U.K. | RESEARCH & CONTROL INSTRUMENTS LTD. 


Instrument House, 207 King’s Cross Road, London, W.C.1 
Telephone: TERminus 8444 


(RCLO 365A) 
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GAS FIRED 
SLAB HEATING 
FURNACE 


This Furnace has a door opening 36’ 6” wide without 
intermediate jambs ensuring maximum utilisation of 
hearth area. Reversing regenerative type with 
recuperator to preheat fuel gas 
Installed at the Clydebridge Works 


of Colvilles Limited 





We specialise in the design and construction of :— 


Open Hearth Furnaces Soaking Pits Furnaces for Aluminium Melting, Coil 
Annealing and Slab Re-heating Stress Relieving Furnaces Forge and Heat 
Treatment Furnaces Shipyard Plate and Bar Furnaces Mould Drying Stove 


Modern Lime Burning Kilns 


PRIEST FURNACES LIMITED : LONGLANDS - MIDDLESBROUGH 


also at TELEGRAPH BUILDINGS HIGH STREET SHEFFIELD 








The last word in 
Furnace design 





Fi32 
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SOUND IN ECVE RY 
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Supersonic testing of a steel base roll to check absolute 
soundness. Rigid inspection of this kind has built up out 
world-wide reputation for consistent, long-lasting accuracy—from 


the smallest work roll to the biggest back up. 


THE BRITISH | "°°" 


ROMIEWUAIGERS | ae 
<}- CORPORATION 


ms 


THOMAS PERRY LTD.., 





MIDLAND ROLLMAKERS LTD., 


L | M ; 3 & D 





& 
LONDON OFFICE: 38 VICTORIA STREET  S.W.1. Telephone ABBey 6407 
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40 Ton Slab Yard Crane 


ARROL of GLASGOW specialise in all types of steelworks mechanical 
handling plant designed to meet exacting specifications. 
In recent years a considerable number of 


heavy continuous duty cranes have been supplied for new Ar Ke 


steelworks and extensions to existing installations. 





A typical example is the crane illustrated above—one of a 


number in operation at the Abbey Works of The Steel Company of Wales 


S/R WILLIAM ARROL & CO LTD GLASGOW 
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Thermal 
ALUMINOUS PORCELAIN 525 


Combustion 


Tubes 


No Gas Loss BU TG: 


NOW AVAILABLE 





CLOSURES For use in any high temperature furnace, particularly for 
Circular, specially carbon and sulphur determination in steel, operating at 
reamed ends ensure temperatures up to 1500°C (2,732°F). These tubes are 
gas tight closures ; he ois 

with rubber bungs. completely reliable, do not devitrify or allow loss of 
Porous Alumina combustion gases even up to maximum working 
plugs to prevent : oe 

iron oxide carry- temperatures. Thermal aluminous porcelain 525 sheaths 
over also available. are excellent for use as pyrometer sheaths up to 1500°C. 


THE THERMAL SYNDICATE LTD. 


P.O. Box No. 6, WALLSEND, NORTHUMBERLAND. Phone: Wallsend 6-3242 





LONDON: 12-14, OLD PYE STREET, WESTMINSTER, S.W.1. Phone: ABBey 5469 
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Over 70 heavy duty type MDX motors have been 
supplied to Richard Thomas & Baldwin Ltd., for use 
in their Ebbw Vale works. The illustration shows ten 50 
hp motors driving screwdowns on a five stand strip mill. 





All motors here are type MDX 










Metrovick type MDX motors have been specially designed to 
operate under the arduous conditions of iron and steel works. 
Their strength and reliability, and the exceptionally low inertia 
of the rotating parts make these machines ideal for driving a 
wide range of steelworks equipment. The use of mica and 
glass insulation suitable for high temperature operation enables 
the motor to withstand heavy overloads. 

Available totally enclosed, up to 200 hp, or self-ventilated, up 
to 250 hp. 


METROPOLITAN -VICKERS 


ELECTRICAL CO LTO 


An A.E.1. Company 






Metrovick Motors for Trouble Free Service 
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STEPHENS’ 


Super Grade Low Alumina 


Silica Brick 


FINE SILICA CEMENT FOR 
“SETTING SILICA BRICK 


STIGNIC CEMENT FOR BASIC 


STEEL LADLES 
KILN CAPACITY OVER 


lt MILLION BRICKS . 


SPECIAL FIRE CEMENTS for all 
purposes 


STEPHENS’ SPECIAL ELECTRIC 
FURNACE ROOF BRICKS 


REGENN BRICK without doubt the best 
Brick for Soaking Pits, Checkers, and 
Regenerator Chamber Walls 


Stephens SILICA BRICK CO., LTD. 
KIDWELLY 


Telegrams: -STEPHENS, KIDWELLY, Codes:—ABC 4th & 5th Editions 


Liebers & Marconi 
Telephone:—KIDWELLY No. | 
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Enjoy the fruits 
of TWW experience 


TWW FAMILY TREE — PLANTED 1878 AND STILL GROWING 


Other Ward activities includ CEMENT 

IRON & STEEI INDUSTRIAL DISMANTLING 
GRANITE & FREESTONE ROADSTONE & ROAD MATE 
WIRE & WIRE PRODUCTS FOUNDRY PLANT & SUPPLI 
NUTS & BOLTS FOOD PREPARING MACHIN 
INSULATING MATERIALS TRACTORS & EARTH MOVIN 
PACKINGS & JOINTINGS EXCAVATORS & CRANES 


STRUCTURAL STEELWORK WAGONS & WAGON FITTINGS 


MECHANICAL HANDLING EQUIPMENT 


— GP 8) 


——— 


* INDUSTRIAL PLANT 
— -—— —_ = 


mponssgene 


\ 
¥ 


FACTORY PLANNING & INSTALLATION 
Sine ~ tee ' 


wis | THOS. W. WARD LTD 


ES 
ERY 


G PLANT ALBION WORKS + SHEFFIELD 
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EASY LIFTING 


FOR AWKWARD LOADS... 




















‘aa 


Working under almost every Service Condition conceivable is 





found the “John Smith” Electric Overhead Crane, doing its job 
efficiently, and earning the confidence of all users. 


Some are fitted with Grabs, some with Magnets and some with special 
If you have a lifting 
problem consult 


lifting equipment as shown in the illustration. 









This particular unit is contactor controlled, with the contactor 


equipment house built into one of the Crane span girders. { haw 5 
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Jour Sait on lino. os 


P.O. BOX 21, THE CRANE WORKS, KEIGHLEY, VORKS. Tel: Keighley 2283 (4 lines) Grams : Cranes, Keighley 





London Office: Buckingham House, 19/21 Palace St., Southern Counties Office : Brettenham House 

(off Victoria St.), London S.W.1 Lancaster Place, Strand, London W.C.2. Telephone 

Telephone : Tate Gallery 0377/8 Temple Bar 1515 _ » 
™ , 

\ 






































another THORNTON contract 


We made 60 cars like this. 

This Insulated Transfer Car is just one of sixty recently supplied 
to Messrs. Colvilles Ltd. They are fitted with removable covers 
and are insulated for conveying up to 40 tons of hotingots The 
net weight is 24 tons and the maximum gross weight is 64 tons 
The bogey is made to standard gauge to permit of use 
British Railways 


on 


If it’s a heavy engineering contract--try Thorntons first! 


B. THORNTON LTD. 


TURNBRIDGE HUDDERSFIELD Telephone : HUDDERSFIELD 7541 
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Where there’s Heat... 





BPL Heat Resisting Paints 


When heat plays a part in production — whatever the industry 
and equipment employed — there is the need for BPL Heat 
Resisting Paints for the protection and decoration of plant. 
Furnace doors and boiler-room equipment, surfaces of high 
temperature: reaction vessels, smoke stacks, foundry plant, 
exhaust manifolds; these are examples of quite usual 
applications, but perhaps your particular industry has unusual 
problems to be solved. 

As the choice of coatings is limited, especially where temperatures 
are in excess of 600°F., and these treatments are expensive, we 
strongly urge you to discuss your requirements with our 
Technical Advisory Service. 














FINISH TEMPERATURE PRIMER SECOND FINISHING 
REQUIRED RANGE COAT COAT 
EXAMPLE 
Gloss Finish B.P.L. B.P.L. B.P.L. 
TREATMENTS (interior or Up to 350°F. Heat Resisting Heat Resisting Heat Resisting 
FROM THE exterior) Primer (M.P.34) Undercoat Enamel 
COMPREHENSIVE Metallic Finish B.P.L. ‘Mettal’ (Thermal) | ‘Mettal’ (Thermal) | 
RANGE (interior or Up to 400°F. Heat Resisting Aluminium Aluminium | 
exterior) Primer (M.P.34) Undercoat Finish 
Bright ‘ ° ‘ , 
Aluminium Up to 850°F. Lumeros X - Lumeres X 
(interior only) Aluminium Aluminium 




















SRL, 
: i a SENSI 
BRITISH PAINTS LIMITED : Industrial Maintenance Division (eae) 
PORTLAND ROAD, NEWCASTLE UPON TYNE, 2. CREWE HOUSE, CURZON STREET, LONDON, W.1. ay ye 


Belfast, Birminghom, Bristol, Cerdiff, Glasgow, Leeds, Liverpool, Menchester, Norwich, Plymouth, Sheffield, Southampton, Swonsea end ali principe! towns. BPL/im 12 
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EXCLUSIVE CHOICE FOR 
BLYTH POWER STATION 


—Lodge-Cottrell 





PRECIPITATORS 








_—— 








ALL FOUR BOILERS OF BLYTH ‘A.’ POWER STATION WILL BE 
EQUIPPED WITH LODGE-COTTRELL PRECIPITATORS: ALSO 
THE FIRST TWO BOILERS OF BLYTH ‘B.’ 


THIS PHOTOGRAPH SHOWS THE RE-INFORCED CONCRETE CASINGS 
FOR THE PRECIPITATORS FOR THE FIRST TWO BOILERS OF ‘A.’ STATION. 


With acknowledgments to:— 

Central Electricity Generating Board 
Messrs. Merz & McLellan 

Messrs. Babcock & Wilcox & Co. Ltd. 
Messrs. Yarrow & Co. Ltd 


LODGE-COTTRELL LIMITED, GEORGE ST. PARADE, BIRMINGHAM + Tel: Central 7714 + LONDON: CENtral 5488 


OVERSEAS AGENTS : 

Continental Europe: Leon Bailly, Ingenieur Conseil, Avenue des Sorbiers, Anseremme-Dinant, Belgium. 
SOUTH AFRICA: Branch Office 76, Magor House, 74, Fox Street, Johannesburg, South Africa. 
AUSTRALASIA: F. S. Wright, 465, Collins Street, Melbourne, Australia. €B 1.c.35 
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‘Position’ is extremely important to artists but in steel-making 
the problem is to decide the type of refractories to use in 
critical positions. In open hearth furnace practice, selection is 
simplified by the availability of the newly developed GR 
*Ferroclad’ metal cased bricks fitted with stainless steel tabs 
or saddles for easier suspension. 

This method of suspended construction eliminates 
many of the causes of roof and end failure and is a great 
advance on the traditional sprung roof. The GR Technical 
Service Department will be pleased to tell you more about 
‘Ferroclad’ and advise on your specific refractory requirements. \, al Asal 


Everything in Refractories | GR 


GENERAL REFRACTORIES LIMITED - GENEFAX HOUSE - SHEFFIELD 10 - TELEPHONE: SHEFFIELD 51115 
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WIRE RODS <a 


IN ALL QUALITIES 


OTHER PRODUCTS 


BASIC PIG IRON FERRO-MANGANESE 
SASH & CASEMENT SECTIONS SQUARES 
HAMMER LOCK STRUTS '- TUBE STEEL 
IRON, STEEL & NON-FERROUS CASTINGS 
COKE OVEN BY-PRODUCTS 
CONCRETE FLAGS _ ETC. 


LANCASHIRE STEEL MANUFACTURING COMPANY 


LIMITED 


(HEAD OFFICE:) 
Telephone: yw A xR Mu i Py, G T oO Ry Telegrams: 
31222 LANCASTEEL 
WORKS: IRLAM & WARRINGTON 
London Office: KINNAIRD HOUSE, PALL MALL EAST, S.W.1I * Telephone: WHITEHALL 7515 © Telegrams: LANCASTEEL, LESQUARE, LONDON 
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W.H.19 


Low porosity 
and 
permeability 





Superb 






resistance 
to thermal 


shock! 





Hunnex provides the answer to thermal 
and mechanical spalling problems, 
ensures maximum furnace availability. 
Used in the ‘Target Areas’’ of open-hearth 
furnace roofs, Hunnex gives balanced 
roofwear and reduced maintenance costs. 
Hunnex is made in standard squares, 
open-hearth and electric furnace 
roof blocks and special shapes for 
the Glass and Carbonising Industries. 


A. o a 
we a alll f wane 


H UNNE x 


The West Hunwick EXTRA SPECIAL Silica Brick 


‘HUNNEN’ the name that's got around the industries 





Send your enquiries to:— THE WEST HUNWICK SILICA & FIREBRICK CO., LTD. HUNWICK, CROOK, CO. DURHAM. TEL: CROOK 200. 
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Choose your 
equipment from this 
new comprehensive range 


Kelvin Hughes ultrasonic flaw detection instruments 
and probes are available for all manual, semi- 
automatic and automatic testing techniques. High 
performance and versatility are obtainable with this 
comprehensive range of competitively priced equip- 
ment designed for laboratory work as well as 
routine inspection schedules. Auxiliary units include 
Automatic Flaw Alarms, Depth Gauges, Probe 
Holders and Manipulators. 


ULTRASONIC 
FLAW DETECTOR Mk. 6 


This powerful, versatile instrument has an exceptionally wide 
operating frequency range, and a variety of controls enabling 
particular methods of tests to be devised. The trolley mounted 
display and control units are readily adjustable to the most 
convenient position. A brilliant trace is given over the full 
width of a 6 in. C.R.T. Operates with single, twin or separate 
probes for contact, gap or immersion scanning. Automatic 
flaw alarm circuits, depth gauge and photographic recording 
facilities can be added. 





on. EA Serra xe 
=" i. AAT 
- + 2 ea. a ae 6 F ; ‘ | 

: e ) . = ‘ Pn a ; - os 








Ny 
































Flaw Detectors Marks 5F, 5AF. 
Portable instruments with similar 
basic specifications. The SF is a 
multi-frequency instrument for use 
with twin or separate type probes, 
whilst the SAF, a single frequency 
instrument, either 14, 24 or 5 Mc/s. 
Also operates with single type probes. 
(Shown with Depth Gauge attach- 
ment). 












high sensitivity. 








AUXILIARY EQUIPMENT 





Includes a Depth Gauge for use with all instruments and 
which will measure thicknesses between 0.1 to 4 ins. with an 
accuracy of 0.75%, Probe Holders with irrigation facilities 
for large surface scanning, and remote Probe Manipulators. 
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Flaw Detector Mark 6. Tro//e) 
mounted transportable equip- 
ment, very powerful and versa- 
tile for use with all types of 
probes and having an exception- 
ally wide frequency range and 


Two Channel Flaw 
Alarm. For use with Mark 
5 instruments, a portable 


Probes. Extensive development 
by Kelvin Hughes has resulted 
in a range of standard probes 
auxiliary unit providing having either single, twin or 
semi-automatt monitor- separak transducer g, and a 
ing facilities which identif\ very high performance through- 
and give warning of signi- out 

ficant defects 


KELVIN HUGHES 


KELVIN & HUGHES (INDUSTRIAL) LIMITED 
Kelvin House, Wembley Park Drive, Wembley, Middlesex 


60-72 Kelvin Avenue, Hillington, Glasgow, SW2 
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Roll stand during Roll changing period 
Lower Railko bearing in positior 
with water spray 





4, trv cal _ 


WORLD’S MOST MODERN MILL FOR STEEL SECTIONS... 


At the Lackenby works of Dorman Long—most modern in the world for the rolling 

of steel sections—the production of a new and wide range of beam and column sections 
opens up immense new possibilities for designers and constructional engineers. 

In many places where extremes of temperature and pressure are met the performance of 
bearings of conventional materials would be unsatisfactory. To overcome these problems 
Railko bearings are specified and have proved completely suitable. 

What are Railko bearings? ... tough resin-impregnated fabric laminates specially moulded 
under heat and pressure to give specific properties, depending on the job. 

Railko bearings have many advantages. They withstand extreme pressure and movement * 
have a high strength-to-weight ratio * a high compressive strength * a low co-efficient 

of friction * can be lubricated with a variety of fluids * in certain applications 

can be used without fluids * are resistant to acids and alkalis * have a low rate of wear * 
are easily machined * have excellent weathering properties. 

Railko bearings are now widely used by manufacturers in the steel, 
railway, aviation, engineering and chemical industries. 

Perhaps they can help you? Write to us and we shall be glad to 


send you full technical details 


Railko bearings help every industry—-Land-Sea-Air 





RAILKO LIMITED (Railko 





TREADAWAY WORKS LOUDWATER HIGH WYCOMBE BUCKS 


tt! 
A Member of the WR Birtield Group PHONE: BOURNE END 1000 


JOURNAL OF THE IRON AND STEEL INSTITUTE 














A BIG BITE 


out of 

METAL 
HANDLING 
COSTS! 


LIFTING MAGNETS 


The amazing power of IGRANIC magnets means 


quicker lifts, bigger loads on all ferrous-metal 


AN IGRANIC MAGNET FOR EVERY LIFTING JOB 


handling jobs from scrap turnings to steel slab, 





CIRCULAR LIFTING MAGNETS girders to coiled strip. The 77” supermagnet 
biggest in the world—will lift up to 110,000 Ib. 
24” Li slab 6,500 Ib. , 

° Light Guty model Cone ay ) slabs with ease! Where else can you find such 
39” General service (slabs up to 12,000 Ib.) ‘hl li | IGRANIC 
45” Locomotive crane type (slabs up to 35,000 Ib.) strength—such long life too? For IGR. 

55” General heavy duty (slabs up to 47,500 Ib.) magnets have many exclusive features for extra 
65” Large tonnage model (slabs up to 60,000 Ib.) toughness, trouble-free service. Moisture prob- 
77” Supermagnet for extra high tonnages (slabs up to 110,000 Ib.) lems are out—for IGRANIC magnets are 








waterproof, with a one-piece monolithic coil and 
RECTANGULAR LIFTING MAGNETS eam sitine ee a eee 
double-sealed terminal boxes. Anti-wear devices 











Ri 24” long For the efficient handling prolong lifting chain life too and all parts are 
R2 40” long of regular shapes in iron dl : 

ge made to resist rough handling < J 
R354” long ond stek tenbotinn dune, ruggedly made to resist roug indling and high 
R4 76” long bars, billets, ingots, pipes, etc. temperatures. 
Also Multi-polar coil-lifting magnets and plate-lifting magnets IGRANIC LIFTING MAGNETS 
for fork lift trucks. | First for metal handling for over 40 years 





IGRANIC 


ELECTRIC COMPANY LIMITED 


HEAD OFFICE AND WORKS: BEDFORD ENGLAND 
LONDON AND EXPORT OFFICES: VICTORIA STATION HOUSE 191 VICTORIA STREET LONDON SWI 
M A Metal Industries Group Company 


DISTRICT OFFICES: BIRMINGHAM BRISTOL CARDIFF EAST ANGLIA GLASGOW LEEDS MANCHESTER NEWCASTLE SHEFFIELD 
P.2215/1G/95 
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Guides are 


HK made of 





Ferobestos 


A glance at these unique advantages 
shows why more engineers are 
specifying Ferobestos 


The versatility of Ferobestos, an 
asbestos-reinforced plastic 
material, opens up an 

extremely wide range 

of engineering applications. 

As well as guides these include:— 


great physical strength 
high strength to weight ratio 


high temperature resistance anes . 

low moisture absorption Coupling Discs 

good chemical resistance reine 

high wear resistance Sours . 

good electrical resistance ae —— 
Wearing Slippers 


high dimensional stability 


low coefficient of friction Mounting Pads 


Compressor Blades 
Thrust Washers 


Ferobestos is available 

in a number of special grades 
including silicone impregnated 
for greater heat resistance and 
graphite impregnated for 
more efficient lubrication. 


Ferobestos can be supplied from 
stock in sheets, rods, and tubes. 
Special mouldings, where quantity 
justifies the cost, can be made to 
order. Write for fully detailed 

and illustrated leafiets. 








J. W. ROBERTS LTD 


Chorley New Road, Horwich, BOLTON: Tel: Horwich 840 Branch Sales Offices: LONDON, GLASGOW, BIRMINGHAM, LEEDS. 


A Member of the Turner & Newall Organisation 
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M.E.Combined Concentric Recu perators 


for soaking pits 


12 one-way fired 
soaking pits, 

each equipped with 

a Combined Concentric 
Air Recuperator tor 
heating 70,000 ¢.f.h. of 
combustion air to 800°C. 
and a Flue Tube 

Blast Furnace Gas 
Recuperator for heating 
81,000 c-f.h. of gas 


to cco’ C. 


M.E. COMBINED CONCENTRIC RECUPERATORS HAVE THE FOLLOWING ADVANTAGES: 


I. High air preheats of up to 900°C, pressure tested in our Works to twice the 
can be obtained with only slight drop of working pressure , 


performance with cold charges. 4. The flue gases pass through plain _— 


2. The tlue gases can be accepted from the seamless tubing which can easily be 
pit without dilution, both for high and cleaned. 


low flows. 5- They are compact in size, taking up 


3- They are supplied as an easily erected little floor area and can be cle wel by shop 
single unit of all steel we lc Jed construction, cranes. 


Metallurgical Engineers » = 


s-1¢, CROMER STREET, LONDON, 1. TERMINUS 8689 


We make many other types of all-steel recuperators, sais write for our illustrated booklet 
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for their purpose 


Operate in restricted areas. 
Afford good visibility to operator. 


Equipped with electric motor or diesel engine prime 
mover driving pump unit at constant speed. 


Hydraulically operated in all motions. 
Infinite variation of speed — no gear changing. 


Specially constructed to withstand overloads and 
shocks. 


Efficient gripping for Manipulators and Handlers. 
Grip heads can be stopped accurately. 

Cushioned resilience for Forging Manipulators. 
FROM 


¢ ‘1 , 
V4 to 4 Easy access to all parts to facilitate maintenance 


TON 
CAPACITY 


> THE WELLMAN SMITH OWEN ENGINEERING CORPN. LTD. 
> PARNELL HOUSE, WILTON ROAD, LONDON, $.W.! WORKS: DARLASTON, SOUTH STAFFS. 


4 
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J. H. CHESTERS, D.Sc. (Tech.), Ph.D. 


JOHN HUGH CHESTERS first became interested in steelmaking when he 
was awarded a Metropolitan Vickers Scholarship in 1928 to study the problem 
of refractory materials for the induction furnace. He had just graduated with 
honours in physics at the University of Sheffield, to which he came from King 
Edward VII School, Sheffield, and carried out his early researches with the 
late Dr W. J. Rees. Following the award in 1931 of the degree of doctor of 
philosophy for his work on induction furnaces, he won a Robert Blair Fellowship, 
which took him to the Kaiser-Wilhelm-Institut fur Silikatforschung in Berlin, 
where he worked for a year on the hydration of magnesia. After a year in 
Germany and interim visits to Austria ‘and Censlinnienahie. he was awarded 
Commonwealth Fund Fellowship, which he held at the Department of Cerami« 
Engineering of the University of Illinois from 1932 to 1934. Here he carried 
his researches on magnesia into the high-temperature field, and developed 
the reaction—expansion method of studying high-temperature reactions, e.g. 
the silica conversions and the formation of spinels. At the invitation af the 
late Dr T. Swinden he returned to the UK in 1934 to take charge of the 
refractories section of the newly formed Central Research Department of The 
United Steel Companies Ltd. 


In 1945 he was awarded the degree of doctor of technical science at the 
University of Shefheld for his research on refractories, and in particular, his 
book on ‘* Steelplant Refractories *’, first published in 1944. At about the 
same time he was made Assistant Director of Research, under Mr F. H. Saniter, 
of the expanded Research and Development Department of United Steel. — In 
this new capacity he has been particularly interested in the aerodynamics of 
furnace design and heat transfer in open-hearth furnaces. The re sults of co 
operative work with the British Coal Utilisation Research Association, the 
British Iron and Steel Research Association, and the University of Shefheld, 
in this held, have been summarised in ISI Special Reports nos. 37 and ¢9. 
In recognition of his research on refractories, and his contribution to Special 
Report no. 37, he was awarded the first Sir Robert Hadfield Medal in 1946, 
while in 1951 he was awarded the Robert W. Hunt Award of the American 
Institute of Metallurgical Engineers, for his paper on ** Flow patterns in open- 
hearth furnaces ”’ 


Dr Chesters joined the Institute in 1939, and was made a member of Council 
in 1958. He has for some time been a member of the Publications Committee 
and was recently made Chairman of the newly formed Meetings Sub-committee. 
He is also Chairman of the Steel Practice Committee of the British Iron and 
Steel Research Association and the joint All-Basic Furnace Sub-committee of 
the British Iron and Steel Research Association and the British Ceramic Research 
Association. He is a Fellow of the Institute of Fuel, the American Ceramic 
Society, and the Institute of Ceramics. He is also a past-president of the 
British Ceramic Society. 








J. H. Chesters, D.Sc.(Tech.), Ph.D. 
Member of Council 
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Reports of Council Meetings Notices 








Autumn General Meeting, 1958 


The Autumn GENERAL MEETING OF THE [RON AND STEEL INSTITUTE was held on 
Wednesday, 10th December, 1958, at the Great Hall, Caxton Hall, Caxton Street, 
London, S.W.1, with the President, Mr C. R. WHEELER, €.B.E.. in the Chair. 


Minutes of the previous meeting 


The minutes of the Annual] General Meeting held in 
London on 7th and 8th May, 1958, were taken as read 
and confirmed. 


Welcome to members and visitors 


The President welcomed those present and, In par- 
ticular, the large number of members from overseas; 
representatives were present from Austria, Belgium, 
France, Germany, Holland, Luxembourg, Norway, Spain, 
Sweden, Switzerland, the USA, and the USSR 


Obituary 

The President referred to the loss which the Institute 
had suffered by the death of 26 Members. He referred 
in particular to the loss of four Members of Council and 
two Honorary Members. Dr C. H. Desch, ¥.R.s., who 
died on 19th June, had joined the Institute in 1913, 
became a Member of Council in 1924 and a Vice-President 
in 1930, and had served as President from 1946 to 1948. 
Mr 8. Thomson, who died on 7th September, joined the 
Institute in 1937, became a Member of Council in 1951, 
and was appointed a Vice-President in 1958. Professor 
C. A. F. Benedicks, who died on 16th July, joined the 
Institute in 1905 and became an Honorary Vice-President 
in 1922. Mr E. D. Bool, who died on Ist December, 
joined the Institute in 1935 and became an Honorary 
Member of Council in 1958. Mr W. H. Eisenman, who 
died on 30th May, became an Honorary Member in 1955 
Monsieur J. Raty, who died on 20th June, became 


» 
pavinl an 
Honorary Member in 1956. 


Election of Honorary Member 

The President went on to present the diploma of an 
Honorary Member of the Institute to Dr Harold Moore, 
C.B.E., who had been a member of the Institute for over 
50 years. Before making the presentation, he summar- 
ized Dr Moore’s distinguished career. 

Dr Harold Moore, ¢.8.£., in reply, said that a scientific 
weekly recently published a profile of one of his con- 


temporaries with the reference “ This is the age of the 
octogenarian.’” He had regarded that as a piece of 


pleasant journalistic fantasy until he was awarded the 
Honorary Membership of The Iron and Steel Institute, 
which had made think that perhaps there was 
something in it. 

He appreciated the award enormously, and thanked 
the President very much for his very kind words. 


him 
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Announcements 


Changes on Council 


The Secretary Mr K. Headlam-Morley) re ported the 
following changes on the Council since the last General 
Meeting in May, 1958: 

V ice -Presids nt: Vembe of Council: 

Mr D. A. Oliver, c.3B.E. Mr R. F. Summers 

Hon. Members of Council 

Mr T. H. Stayman, President of the Cleveland 
Institution of Engineers, in place of Mr T. W. 
Thursfield. 

Mr P. T. Edwards, President of the Ebbw Vale 
Metallurgical Society, in place of Mr J. T. Mills. 
Mr K. Hill, President of the Leeds Metallurgical 


society 


, in place of Mr P. A. Green. 
Mr Johnson Y. Davies, President of the Manchester 


Metallurgical Society, in place of Dr K. M. Ent 
wistle. 
Mr H. H. Stanley, Chairman of the Newport and 


District Metallurgical Society, 

Mackay. 

Mr W. H. B. Wesson, President of the Staffordshire 

Iron and Steel Institute, of Mr G. Parkin. 
Additional Hon. Members of Council, elected following 
announcement at last General Meeting in May, 1958: 

Mr R. W. Evans (Steel Company of Wales Ltd.) 

Dr L. Northcott (Armament Research and Develop- 


in place ot Mr C. I. F. 


in place 


ment Lstablishment). 
The following were due to retire at the next Annual 
General Meeting and were eligible for re-election: 
Vice-Presidents: Mr E. T. Judge, Mr F. H. Saniter,. 


and Dr C. Sykes, F.R.s 


Members of Council: Mr C. H. T. Williams, Pri 


fessor 


A. G. Quarrell, Mr B. C. Talbot, Mr E. W. Colbeck, 
and Lt. Com. G. W. Wells. 
Andrew Carn que & holarships 
The following awards had been made since the last 
General Meeting 
£400 to R. E. M. Ball (Imperial Colleg London): 
(2nd grant): To assist research on The effect of 
length of test piece and stored energy on the brittle 


fracture of steel.’ 
£400 to W. D. Brentnall (Manchester University): To 
search on ‘‘ The of metallic 


assist res structure 


ites.” 


meteor- 
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£380 to I. M. Davidson (Liverpool University): (2nd 
grant): To assist research on ‘* Oxygen potentials in 
simple slags.” 

£400 to K. Farrell (Sheffield University): To assist 
research on “ The embrittling effect of hydrogen on 
ultra-high-tensile steels.”’ 

£80 to A. Gilbert (Liverpool University): (2nd grant): 
To assist research on ‘* The effect of alloying elements 
on martensite strata temperatures.” 

£380 to J. G. Humphreys (Liverpool University): (2nd 
grant): To assist research on “* Carbide 
iron—carbon—silicon alloys.’ 

£250 to E. F. Ibrahim (Shettield University): To assist 
* An martensite trans 
formation curves.’ 

£80 to C. N. Reid (Liverpool University): 
research on ‘‘ Experimental study of time-dependent 
strain in iron at sub-zero temperatures.” 


constituents in 


research on investigation of 


To assist 


Dates of Meetings in 1959 


i. Annual General Meeting in London on Wednesday 
and Thursday, tth and 7th May, 1959. Dinner for 
Members on Wednesday, 6th May, 1959. 

ii. Special Meeting on the North-East 
10th July, 1959. 


6th to 


Coast, 


President-Elect 

The President proposed, on behalf of the Council, that 
Mr W. Barr, 0.8.£., Honorary Treasurer, be nominated 
for election as President, to take office at the Annual 
(ieneral Meeting in 1959, and to serve for one year. 
Mr Barr joined the Institute in 1925, became a Member 
of Council in 1948, and Honorary Treasurer in 1953. 





Honorary Treasurer 


The President said that the Council had invited Mr E. 
(now Sir) Julian Pode to follow Mr Barr as Honorary 
Treasurer. His appointment would take effect from a 
convenient date, probably in March. 


Election of Members 
Mr D. J. D. Unwin and Mr J. H. Flux, the scrutineers 


of the ballot, reported the following elections: 


MEMBERS 


Allen, James (Worcester); Alwan, Abdul Sahib, B.sc., F.G.s 
(London); Atkins, William Sydney Albert, 3.sc.(HONS.ENG.), 
M.INST.C.E., M.I.STRUCT.E., M.1.W., M.CONS.E. (London); Avis, Roy 
William Henry, A.M.1.MECH.E., A.M.I.STRUCT.E. (Peterborough); 
Bargone, Agostino, rroy.pr.inc. (Padua, Italy); Beale, Colin Ogden, 
\..M. (Thornaby-on-Tees); Bessemer, Alan Frederick (Worcester, 


Mass., U.S.A.); Bishop, Raymond John, B.SC.ENG.(MET.), A.I.M 
Wolverhampton); Boelens, Edgard Jean Edouard (Grivegnée, 
Belgium); Boniszewski, Tadeusz, piri.inc. (Krakow, Poland); 


Brandl, Adolph, pr.ine. (Duisburg, Germany); Bromley, Charles 
Herbert (Leicester); Brown, Leslie Samuel (London); Calbiani, Guido 
Milan, Italy); Cavanagh, Raymond Leigh, B.a.sc.(mer.) (Toronto, 
Ont., Canada); Chandler, Kenneth, s.sc., a.k.s.m. (London); Cherry, 
Arthur William, a.m.1nsv.c.£. (London); Clay, Stanley (Turnbridge, 
Huddersfield); Coles, Douglas Harry, B.SC., A.M.I.MECH.E., A.M.1.E.k. 
London); Coppée, Evence (Brussels, Belgium); Courtney-Sutton, 
Roland (Wolverhampton); Crane, F. A. A., B.SC.ENG.(MET.)HONS., 
\.R.S.M., A.I.M. (Ipswich); Cudby, Joseph William, Aa.MET., L.I.M. 
Workington); Dash, David Bryan (Cardiff); Delaunay, Georges 
Paris, France); De Posson, Alexandre (Liége, Belgium); Di Candia, 
\rmando, p.cHEM. (Genoa, Italy); Dorville, Robert (Metz, France) 
Dumitrasco, Pierre (Bucharest, Roumania); Edwards, John Owen, 
.8C., A.LM.M., A.M. (London); Einerkjaer, John (Oslo, Norway); 
Elkan, Kobert Max Ludwig, B.sc.(ENG.), A.M.I.MECH.E. (Bourne 
mouth); Evans, Owen Thomas, ASSOC.M.C.T., A.M.I.E.E., A.M.1. 
MECH.E. (Manchester): Faivre, René, pr.-iks-sc. (Nancy, France); 
Fender, Harold William (Wednesbury); Fielden, Cyril Frederick 
Raymond, ASS0U.1.E.E Manchester); Forrest, Harry Edgar, 
A.M.1L.E.E. (Walton-on-Thames); Fournier, Franz, piei.1nGc. (Gerla 
tingen, Switzerland); France, John Brenden (Birmingham); Gonner, 
Charles (Luxembourg); Haglund, Didrik Wilhelm (Sandviken, 
Sweden); Halliday, lain MacDonald Dewar, B.sc., a.R.T.c. (Rother- 
ham); Hanne, Emile Alfred (Paris, France): Hargreaves, John, 
B.SC., PH.D., A.R.1.C. (Rotherham); Harrison, David Anthony, L.1.M., 
,.M.INST.F. (Stoke-on-Trent); Hawkes, Charles William (Croydon); 
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Herbert, Derek Owen (Wolverhampton): Hotchin, Abraham Kay 
mond (Scunthorpe); Hoyle, Keith Howard, 8.sc.(recHa.) (Thornaby 
on-Tees); Humphries, John Davison, 8.sc.(enGc.) (Shefheld); Hutter, 
Luis, DIPL.ING., DR.MONT. (Munich, Germany); Ilingworth, Frank 
Consett); Ingram, George Michael, a.m.1.e.£. (Sheffield); Irie, Sadao, 
ru.p. (Diisseldorf, Germany); Jameson, Stanley (Milford, near 
Derby): Jarvis, Maurice, u.1.m. (Middlesbrough); Jenkins, Arthur 
John (Port Talbot); Jones, E. John, a.m.1.mEecH.&. (Mexico); Kee, 
William Wardrop, B.sc., F.1.mM. (Enfield): Kirk, Adam Kennedy 


(London); Kirkpatrick, John William (Middlesbrough); Knight, 
William W., B.sc. (Worcester, Mass., USA); Knowlson, Peter 
Mc Kerrow, B.A.(HONS.) (Cambridge); Laird, Jack, m.a. (Working 
ton); Lamond, John Alan, B.sc.(eNG A.M.I.MECH.E., A.M.1.E.E., 
A.M.INST.C.E., A.M.I.PROD.E. (Bedford); Langlands, David (Sao 
Paulo, Brazil); Laurvig, Count Claus Ahlefeldt (London): Leonard, 
Laurence Anthony, B.sc., a.R.1.c. (London); Lindstrand, Kar! 
Fredrik (Stockholm, Sweden); Lloyd, Leonard Marsden Port 


Talbot); McMillin, Gordon, s.sc. (Montreal, P.Q., Canada); Malm- 
fors, Erik Gustaf (Ludvika, Sweden); Maroy, Marcel (Paris, France); 
Meredith, Griffith Wynne (Swansea); Mertens, Norman Walter 
James, A.R.1.C., A.1.M. (Rotherham); Millard, Geoffrey Walter, p.sc. 
(London); Monks, Norman E. (Cardiff); Moral, Florentino (Mexico); 
Morgan, Myles( Worcester, Mass., USA): Morgan, William Austin, 
B.SC.(HONS.), PH.D., A.I.M. (Ottawa, Canada); Morton, John Harold, 
M.A. (Weybridge): Musson, Francis Anthony Ernest, px.p. (Lon 
don); Neville, Anthony, m.a. (London): Newson, /. 8. (Salisbury, 
Southern Rhodesia); Nielsen, Erling Juul (Copenhagen, Denmark); 
Nixon, John E. W. (Bloomfield Hills, Mich., USA); Ochi, Andrea, 
DIPL.ENG. (Milan, Italy); Odone, Giovanni, p.cHEM. (Genoa, Italy); 
Olmo, Enrice, pr.inG. (Milan, Italy); Paulus, Adolphe J. (Brussels, 
Belgium); Peing Kwong, Liu, 8.sc.enG.(MET.) (Rangoon, Burma); 
Phillips, Raymond Harley (London); Piron, Robert (Paris, France); 
Pitfield-Perry, Kenneth Maurice (London); Platts, William F. 
(Sheffield); Pomey, Jacques (Billancourt, France); Raick, Julien O 
(Brussels, Belgium); Raisbeck, Matthew Angus (Middlesbrough); 
Rangasetty, H. S. Vijaya (Calcutta, India); Raper, Alfred Graham, 
B.8c.TECH. (Thornaby-on-Tees); Rees, Robert Hampton (Cardiff); 
Revie, Sidney Alex, m.B.&. (Middlesbrough); Ridsdale, Peter Douglas, 
B.8C., A.I.M. (Middlesbrough); Robinson, Philip John (London) 
Rona, Nezih M., M.s., B.s. (Istanbul, Turkey); Rose, Joseph Oswald, 
a.M.c.T. (Southport); Rossignol, G. (Paris, France); Rouka, C. (Paris, 
France); Sambrook, H. G. L. (London): Schmolke, Rudolf, pr.wwe 
(Oberhausen, Germany); Schvartz, Pedro (Buenos Aires, Argentina); 
Schwarz, Kurt Karl, m.a., a.m.1.e.8. (Norwich); Scott, James Hall 
(Middlesbrough); Seaman, Edward Alfred, m.inst.r. (London); 
Sedlacek, Wilhelm, pr.inc. (Pompey, France); Short, George 
(Sheffield); Shrivastava, Nirmal Chandra, b.sc. (Durg, India); Spurr, 
Samuel William, m.rnsv.F. (London); §talhed, John L. (Stockholm, 
Sweden); Steven, Gary, m.s. (Pittsburgh, Pa., USA); Stevenson, 
Raymond, M.INST.F., M.1.PROD.E. (Doncaster): Strassburger, Julius 
H. (Weirton, W. Va., USA); Sutch, Dan A., B.s.mer. (New York, 
N.Y., USA); Svahn, Olov Emanuel (Gothenburg, Sweden); 
Svoboda, Miroslav, prp..1nG. (Prague, Czechoslovakia); Tattersall, 
Geoffrey Howarth, m.sc., a.rnst.p. (Sheffield); Tehen, Ni-Kia 
(Taipei, Formosa); Thorn, Georges (Luxembourg); Tomlinson, 
Alfred, a.metT., a.im. (Sheffield); Trenkler, Herbert, pr.mMonrv., 
DIPL.ING. (Leoben, Austria); Tyrrell, Albert Edmund, m.1NsT.GAs F., 
M.INST.F. (London); van de Steene, Jacques Louis A. (Couillet, 
Belgium); van der Veen, Dr. J. W. (lJmuiden, Holland); Veeder, 
Nicholas P. (Granite City, Ill., USA); Wallace, John Frederick, 
B.ENG., PH.D. (Sheffield); Wallwork, Greig Richard, B.sc A.I.M. 
(Kensington, N.S.W., Australia); Ward, George C. (Birmingham); 
Ward, Roger Neville Macleod (Cardiff); Waring, Peter, 1.1.m. (Hemel 
Hempstead); Wasmuht, Roland, pr.1nc. (Essen, Germany); Watson, 
John Gerald, B.a. (Middlesbrough); Wauthier, Louis (Flémalle 
Haute, Belgium); Weston, William Charles (Wednesbury); Wickwire, 


Ward W., Jr., B.A. (Pittsburgh, Pa., USA); Wieland, George, 
A.M.I.MECH.E. (Brierley Hill); Wilson, Robert (Dundee); Wood, 
Anthony Arthur Robinson, a.R.1.c. (Chessington); Woods, John 


Victor, B.SC., A.M.1.E.E. (Norwich); Wright, John Davidson, a.mMFr., 
a.1.m. (Sheffield); Wscieklica, Janusz, M.s.(meT.ENG.) (Minas Gerais, 
Brazil). 
ASSOCIATES 

Bennett, Gordon Henry John, B.sc. (Sheftield); Beswick, Derek 
Watts (Stoke-on-Trent); Carruthers, Robert Brian (Durham); 
Clarke, Herbert, 3.s« (Nantyglo, Monmouthshire); Gloyn-Cox, 
Laurence David (London); Hanson, Owen Jerrold, b.a. (London); 
Hobson, Alan (Middlesbrough); Kibble, Frederick (Bilston); Kothari, 
Navin Chandra M., B.sc. (Raleigh, N.C., USA); Martin, Norman 
(Cambridge); Muller, Tobias Lefebre Francois, B.sc. (Vereeniging, 
South Africa); Northcott, W. J., B.a. (Sheffield); Ozturk, Yildirim, 
g.sc. (Sheffield); Pickering, Arthur George (Bilston); Proebstle, 
Richard Alan, M.s.MET.ENG. (Troy, N.Y., USA): Riviere Cera, 
Juan José, B.sc. (Barcelona, Spain); Sanderson, George Patrick, 
ASSOC.MET., L.I.M. (Sheffield); Smales, Richard (Swansea); Wilkins, 
Brian John Samuel, B.sc.(enc.)mMeT. (London): Wright, George 
Hodgson (Leicester); Wright, Kenneth John (Bilston) 


The President declared those candidates to be duly 
elected. They numbered 171, and the total membership 
of the Institute was now 5 107. 
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Defects in steel: a tentative theory 


By T. I. Pearson, M.Sc. 


SYNOPSIS 


A statistical survey of the defects occurring in a total of over 1000 casts of basic semi-killed plate 
steels has been made during three periods over several years 

It has been found that if the casts are classified according to the silica contents of their tapping slags 
then the average defect values expressed quantitatively when plotted against the silica contents, give 
rise to a characteristic and complex curve which shows a minimum average defect level at 13 14°, silica. 

Graphs for each of the periods examined present the same fundamental shape. the minimum defects 
level always occurring at the same silica value. 

It is concluded that all classified defects, particularly those involving the surface of the steel, have a 
fundamental common cause. A tentative theory based upon the influence of the silica in the slag on the 
silicon content of the metal (hitherto neglected in basic steel) is proposed. 

It is suggested that the optimum silica content of the slag associated with the minimum defect level, is 
indicative of a‘ balance ’ between hydrogen and oxygen in the liquid metal, very similar to that pertaining 
in liquid copper in the * tough pitch’ condition. Over a considerable range of slag compositions, normal 
additions made to the ladle to produce a desired chemical specification exert little influence on the condition 
of the metal leaving the furnace. 

Mention is made of the possible significance of the theory with respect to rimming steels, and very 
recent work on this type has revealed that the carbon and manganese losses occurring during active 
rimming in the mould bear a relationship to the total iron contents of the tapping slags, which strikingly 
resembles in its form that of the defects curve for semi-killed steels. Hydrogen is suggested as a causative 
factor. 

In conclusion the influence of different modes of refining on * bath condition’ are considered and 
emphasis is laid on the importance of the slag as the governing factor in the production of quality steel 

1S11 


INTRODUCTION 
A COMPREHENSIVE DEFINITION of the quality of a 
cast of steel must, apart from the user’s view- 
point, contain some reference to its behaviour during 
actual processing. Obviously it is desirable to secure 
maximum yield through the absence of defects. Also, 
while different types of steel such as fully or semi- 
killed and rimmed, display differing yields arising from 


These metallurgical defects (as distinct from those 
which may be produced mechanically during rolling) 
have in the past received various explanations, one 
of the most familiar being to attribute * shelly ° ingots 
to excessive splashing during teeming. Such an 
explanation dismisses the simple analogy of pouring 
any inert liquid such as mercury into a mould, in 
which case it is impossible to produce a bad surface. 


ingot structure, these yields for any type are capable 


of deviation below an average standard by reason of 


different cast characteristics. Such varying yields 
arise from two major causes: 

(i) Internal features such as varying depths to which 
objectionable segregation may run in ingots of the 
same specification from different casts as revealed by 
standard cropping 

(ii) External surface features which 
or develop during heating and rolling. Examples are 
described by such terms as shell, pits, seams, spills, 
slivers, etc., and the existence of these may give rise 
to rejection or excessive dressing. 


either persist 





Manuscript received on 19th December, 1957. 


For some years the author has sought a more compre- 
hensive and satisfactory explanation which could 
account for the many exceptions to the rule which 
are encountered in practice. 

This paper attempts to develop a general theory 
to account for the occurrence of defects. It depends 
on the concept of a critical balance between hydrogen 
and oxygen in the liquid metal. This 
achieved when the silica in the tapping slag has a 
certain value and it appears probable that this 
particular level of silica results in a certain value of 
silicon in the metal which (along with other residuals) 
in turn determines the activity of the oxygen present. 


balance is 


The author is research manager at the Consett Iron he quantity of silicon is small and has hitherto been 
Co. Ltd. neglected in the basic bath. 
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Fig. 1—Defects June-November, 1953, 585 casts 


While mention is later made of the after-effects of 
hydrogen in the solid metal e.g. hair-line cracks (with 
which most of the available literature deals), the 
theory concerns primarily the coexistence of hydrogen 
and oxygen in the liquid metal and the possible 
behaviour of the two at the instant of change from 
liquid to solid state. Information on equilibrium 
conditions in liquid iron between carbon, hydrogen, 
and oxygen is extremely sparse. 


DATA 

A system of recording plate-mill defects was insti- 
tuted some years ago, whereby faulty steel reaching 
the plate stage is expressed as a percentage of the 
ingot from which it came. Hence it is possible to 
account in turn for the total defective material from 
the whole cast and to express it by any suitable 
quantitative index. Variability between casts and 
their quality with respect either to individual defects 
or to all defects collectively, can then be expressed 
easily and possible relationships between these values 
and any production variable can be examined, assum- 
ing of course, that potential ‘cause and effect’ can 
indeed be related by common sense. Also, since little 
dressing at the slab stage was carried out during 
the collection of the results, a true quantitative 
assessment of the metallurgical defects relating to 
any cast became possible. 

An examination of the intensity of the defects on 
this basis reveals a normal gaussian distribution, i.e. 
the majority of the casts is characterized by a certain 
level of defects, a smaller number of casts is excellent, 
while on the other side of the node increasingly bad 
casts show a diminishing frequency. 

A feature of the recording system is that the defects 
are also classified according to type, e.g. pitting, 
shelling, cracking, lamination, etc., these being 
recorded by inspectors in the mill. There are certain 
weaknesses in the system. Some ingots may yield 
plate surfaces superior to others from the same cast, 
only because thinner plates have been rolled from 
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them, i.e. more work has been applied. Results may 


be complicated also by the use of different moulds, 
again introducing differing degrees of work for the 
same plate thickness. A statistical examination may 
be vitiated however, if data are subdivided exces- 
sively so that average values in any one class have 
little or no meaning. ‘lo a considerable degree this 
difficulty can be overcome by random sampling, pro- 
vided reasonable numbers are secured in any class. 
Adoption of this method has been compulsory in the 
present work. Tapping-slag analyses are not carried 
out for every charge owing to labour shortage. Slag 
samples from various furnaces are randomly chosen 
each week without reference to any other conditions 
whatever. Since billet steels are currently produced 
with plate steels on all furnaces, then plate-steel casts 
for which slag analyses become available represent 
random sampling with respect to the results which 
emerge. 

Plate steels generally form a convenient class for 
examination since they cover a relatively small range 
of percentage composition: 0-12-0-25C, 0-55-0-70 
Mn, 0-02-0-05Si. Also, this class of semi-killed (or 
balanced) steels forms the major portion of the steel 
output of the country. The variable of composition 
therefore, is eliminated when considered relative to 
the range of compositions made, namely 0-06-0-90% 
C, with much wider ranges of both manganese and 
silicon, covering killed and semi-killed varieties. 

An examination of billet steels was indeed purposely 
avoided because there is considerable difficulty in 
assessing the ‘ quality ’ of these in any truly quantita- 
tive manner. An ideal method might be the deter- 
mination of the number of man-hours per ton involved 
in dressing but since even severe dressing does not 
necessarily involve rejection it was decided that plate 
casts provide more positively classifiable evidence of 
quality to a ‘go’ or ‘not go’ standard. The choice 
of plate results cannot be objected to on the ground 
of defect type because, while end-effects might differ 
owing to rolling differences (e.g. the greater surface 
spread in a plate) the origin of surface defects generally 
in both products at the ingot stage must be the same. 
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years, the period June-November 1953 was repre- 
sentative of normality in the weekly fluctuations of 
total plate-mill defect values. Both before and during 
this period no large changes towards increased pro- 
duction had been made and some 585 casts were 
examined for which tapping-slag analyses were 
available. 

After this period production was increased by the 
introduction of the duplex process on certain furnaces 
and two further periods from July 1955 to November 
1956 (253 casts) and from December 1957 to February 
1958 (251 casts) were chosen for examination. 
Examination of data 

Many plots of the defects (mainly singly, e.g. pitting 
or shelling) for the first period were made against 
various slag constituents and such characteristics as 
basicity ratios or total acids. None of these revealed 
any suggestion of meaning except for the simple plot 
of silica against shelling. Here, an initial scattergraph 
appeared to suggest a trough in the defect index value 
over a certain limited range of silica. To clarify this, 
the slag silica contents were classified into a limited 
number of ranges between the extremes and average 
values for shelling were ascertained for each silica 
range. Curve A in Fig. 1 shows the result and it was 
the final achievement of this curve which prompted 
the examination of two later groups of casts in a 
similar manner to confirm (or otherwise) its character. 
These corresponding curves are marked A in Figs. 2 
and 3. 

The curves in Figs. 1-3 obviously form frequency 
curves of the occurrence of the various silica ranges 
in the slags and numbers available tend to diminish 
towards the outer limits of the silica values. Average 
shelling values for these extreme silica ranges are 
obviously much less reliable than those nearer the 
centre of the curve where greater numbers are 
involved. For this reason the ends of the curves are 
dotted and only the centre portion is regarded as 
significant. The significance of this type of curve is 
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Fig. 3—Defects December 1957-February 1958, 251 casts 
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Fig. 4—Defects June-November 1953, including cracking 


values and is examined more fully in a further section 
dealing with carbon and manganese from 
rimming steels. 

Inspection of all the curves marked A reveals a 
distinct minimum defect level at 13-14%,Si0,. This 
minimum does not reach zero, for common sense and 
established fact indicate that there are purely external 
factors which can contribute towards defects, e.g. low 
tapping temperatures, splashing, mould design, etc., 
apart from any inherent quality characteristics which 
the liquid steel may possess. 

Referring again to Figs. 1-3, curves B in each were 
established in the same way and give the results for 
a combined pitting plus shelling index. These two 
defects were purposely plotted additively since the 
author has long suspected that in plates the two faults 
may be to some extent confused. A form of shell 
encountered in billets is conveniently and descriptively 
called ‘thumb-nail’ shell. If this is flaked off a pit 
or depression results. This flaking off can occur more 
easily on plates while rolling (owing to surface 
extension) and the plate appears to be pitted in 
consequence, 

It is clear that in all three periods the curves marked 
B have the same fundamental V shape: a distinctive 
low value for defects again coinciding with a 13-14% 
silica level in the slag. 

In the curves marked C all defects except cracking 
have been added together (i.e. pitting, shelling, seams, 
laminations, blisters, etc.). Again these curves register 
remarkably well with the A and B curves. However, 
if cracking is included in the sum of ‘ total defects’ 
then the resulting curve does not nest so well. This 
is illustrated by results for the first period (585 casts) 
in Fig. 4 where a number of the points which include 
cracking deviate considerably from those correspond- 
ing in the A, B, and C curves. It is concluded that 
if the curves already described possess the V form 
when related to the silica content of the tapping slags 
(i.e. if the defects depend in some way on bath con- 
dition), then cracking per se is an independent defect. 
Causes other than some specific condition of the bath 
are responsible. 

Experience suggests that this is indeed so. The 
effect of very fast teeming is well known and results 
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TABLE 1 
Average values June-November 1953, 585 casts 

‘ines iceelndisipsinadiianaganaitete secant —__— 
Average slag analysis, %, Calculated free* Calculated Oxygen equivalents 
Silica components (Schenck) residuals, ‘ of residuals, ° } 
No. range, “d saatiiaiaee | 
; SiO, | Fe | MnO | P,O, CaO | (SiO,) | (FeO) | (MnO)! [Mn Si} Mn {Si Total | 

2, 701-80) 7-6 | 13-60, 2-75 | 4:95 | 50-0 | 2:38 | 5-65 | 1-74 | 0-155 | 00028 00452 | 06-0031 | 0.0483 
14, 801-90, 85 | 159 | 3-18 | 481 | 51-0 | 2:68 | 613 | 1-85 | 0-151 | 00026 0-0439  0:0030 | 00469 | 
20; 901-100) 96 | 154 2-59 | 5-20 | 51-9 | 3-04 | 5-80 | 1:57 ©0136 06-0033 0-039  0-0038 | 0-0434 | 
52 | 10-01-11-0| 105 13-6 2:99 | 5:56 | 51-65 3:40 | 5-68 | 1:66 0-147 | 00039 | 0-0427 | 0-0045 | 06-0472 | 

102 | 11-01-12-0| 11-6 | 12-33) 3:10 6-26 | 52-32/ 3-68 | 5-45 | 1:65 | @-152  0:0046 0:0442  0-0052 | 0-0494 
92 12-01-13-0 | 12-6 | 11-9 | 3:37 | 6-21 52-7 | 3:% | 5-20 | 1-72 | 0-166 | 06-0054 0-0483 | 0-0062 | 0-0545 | 
90 13-01-14-0 | 13-7 102 | 3-00 | 6-38 | 52-7 | 4:36 | 4:90 | 1-51 | 0-155 0©-:0067 | 00452 | 00077 | 06-0529 | 

111 | 14-01-15-0, 14-6 97 | 3:25 662 | 52:2 | 467 | 4:89 | 1:56 | 0-160 | 0-0071 | 0-0466 | 0-0081 00547 

68 15-01-16-0 | 15-5 88 | 3:24 | 676 | 510 509 | 4:84 | 1-52 0-158  0:0080 | 06-0460 | 06-0092 | 0.0552 

27 | 1601-170 16-4 84 | 3-17 | 6-84 | 51-8 | 5-46 | 4-71 1-48 0-158 06-0091 | 06-0460 06-0104 | 06-0564 

5 17-01-18-0 17-5 876) 3:20 650 50:62 592 486 1:48 , 0-152 | 00093 | 0-0442 0-:0106 | 00548 

2 21-01-22:0 21-4 78 | 5-61 2-00 52:1 | 6-21 415 | 2-02 0-244 | 06133 | 06-0710 | 60-0152 06-0862 

* Note: K{Mn} — 0-502; K{Si) ~ 0-037 

in thin-skinned ingots giving rise to cracks which later period were examined by classifying the iron contents 
open out during rolling. Also, high sulphur contents of the slags and ascertaining the average silica con- 


give rise to hot shortness, and fast rolling and heavy 
drafting can still further exaggerate the effects due 
to both of these causes. 

Tables i-LLL include the average values of the other 
principal slag constituents associated with the various 
silica ranges examined. The most noticeable trend 
displayed, i.e. diminution of the total iron content 
with increasing silica, is quite consistent with ex- 
perience and is the basis of the saying ‘ to increase 
the iron in the slag one must add lime.’ 

Apart from the silica and total iron values, the 
other principal slag constituents are substantially 
constant, at least in each period examined. ‘The 
relationship between silica and iron is not linear, as 
will be seen from Fig. 5 in which curves for the three 
periods are shown. 

The broken curve is an estimated average for the 
three periods, values from which are used later in con- 
nection with rimming steels. The fact that all these 
curves are relatively smooth, except for the ‘ends’ in 
spite of varying numbers from which the averages 
were obtained, suggests strongly that the relationships 
plotted in Figs. 1-3 are indeed valid and significant. 

From the results shown in Fig. 5 it might be sur- 
mised that the total iron values (instead of silica) 
plotted against the defects should show curves of 
similar character to those in Figs. 1-3. Such a plot 
is illustrated in Fig. 6. Here the results for the third 


TABLE 


tents together with the accompanying defects. It will 
be seen by comparing Figs. 3 and 6 that while there 
is some similarity, a single minimum defect point is 
not so well defined, the range of the defect values 
being smaller for a given range of total iron values 
than for an equal range of silica values. It is suggested 
therefore, that the total iron content alone of any slag 
is not such a sound criterion of metal quality as is 
the silica. 

Further reference to Figs. 1-3 shows that in Figs. 
2 and 3 the curves, particularly for shelling, have 
moved to a higher general level. This is of considerable 
significance since it indicates the effect of changes in 
conditions other than furnace operation. The increase 
in shelling can be ascribed principally to an increase 
in the size of moulds (area of cross-section) which 
pertained subsequent to the first period. General ex- 
perience in other steelworks confirms this explanation. 

As a matter of interest and as a further test it was 
thought worthwhile to separate results for duplex 
charges (introduced after the first period) from those 
for straight OH charges during the second period 
Curves obtained for * shelling plus pitting * and ‘ total 
defects less cracking ’ are given in Figs. 7 and 8, and 
while the curves as a whole are weaker owing to the 
fewer results available for each, the presence of the 
V shape for each type of charge is indisputable and 
overall average defect values are similar. 


Average values July 1955-November 1956, 253 casts 





Average slag analysis, 


Calculated free* 





Calculated Oxygen equivalents 











components (Schenck) residuals, of residuals, 

| No. Silica ee 

range, j ' 

| . sio, x Fe Mano P.O, CaO | (SiO,) (FeO (MnO Mn Si Mn Si Total 

| 2 9-01.10 .0 95 14.0 1-35 8-65 51-3 3-36 6-31 0-92 0.073 0 0031 0.0212 0 0036 0.0248 
6 10-61-11.0 10-3 11-4 2-9 9-20 53-7 3-40 5-47 1-63 6.149 0 0042 0 0434 0 0048 0.0482 | 
18) )=«- 48-01-1206 114 12-7 3-8 7:75 50-0 3-81 5 92 1-89 0-160 0 0040 0 0466 0 0046 0 0512 
22 «12-01-13-:0 , 1 12°5 1-9 3:7 8-0 51-6 3-8 5-17 1-86 0.181 0.0053 0 0526 0 0060 0 0586 
300 «138-01-14-0) 13:3 10 8 3-8 7-5 51-7 4:34 5-61 1-80 0-161 0.0051 0.0468 0 0058 0.0526 
45 14-61-15 .0 14-4 10:3 40 6-8 50-5 4:75 5-28 1-80 0-171 0 0063 0.0498 0.0072 0 0570 

| 48 15-01-16°0 15-4 97 425 6:8 50-2 5:07 5-11 1-99 0-195 0.0072 0 0567 0 0082 0 0649 
42 16:01:170, 16-4 95 50 6-5 50-5 5-38 5 06 2-00 0-198 0.0078 0.0575 0 0089 0 0664 
272 «17-01-18 0 17-4 90 3-95 6-95 0.9 5-84 4°95 1-67 0-169 0.0088 0.0491 00101 0 0592 

| 13 18-01-1990 18:3 8-9 4-55 6 80 49-4 6-25 5 05 1:77 0-176 0.0091 0.0512 0.0104 0 0616 

| 5 | 19-01-20-0 19-2 82 5-24 57 492 6-35 4-74 1-92 0.203 0 0104 0.0590 0.0119 0 0709 

| ae RENE | 

* Note: KiMn) = 0-502; K[{Si] = 0-037 
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A further consideration of the evidence suggests 
that defects fall to some lower level than the peaks 
shown in the figures when the silica is about 9-10% 
(although not so low as the minimum level at 13 
14°, silica). Slags within this lower silica range 
are associated with clean high-scrap/low hot-metal 
charges having a low total silicon content (resulting 
in a low total slag burden). With such charges higher 
‘slag iron’ values can be more easily achieved during 
refining. To define the extremes of the individual 
curves somewhat more firmly it was decided to calcu- 
late the true average total defect curve for all three 
periods. Figure 9a shows the result. Out of a total 
of 1089 casts the minimum defects lie at C (153 casts) 
while * secondary * minima occur at 9-10°%, (A) and 
15-16%, silica (X). It must be accepted that the 
curve is more complex than a simple V shape. 


Preliminary conclusions 

At this stage it is possible to state the following 
conclusions from the evidence. 

(1) Both individually and collectively the classified 
defects existing in plate steels bear a marked complex 
relationship to the silica content of the tapping slag. 
They bear a less well defined relationship to the iron 
content of the slag. 

2) There appear to exist (over the range of slags 
examined) three minima in the defects curve, namely 
at 9-10%, 13-14%, (lowest defects), and 15-16%, 
silica respectively. 

(3) The fact that three separate sets of data taken 
at intervals over some five years each reveal very 
similar characteristics particularly with respect to 
the position of the lowest defect point, confirms the 
validity of (1) above. 

(4) Cracking appears to bear a less well detined 
relationship to slag composition. It is suggested 
therefore that this defect is * independent.’ 

(5) The fact that the average of any group does not 
achieve a complete absence of defects indicates that 
the minimum level shown in Figs. 1-3 is probably 
limited by certain ‘external’ factors, e.g. teeming 
conditions, pitside practice, moulds etc., which impose 
some constant level. Individual casts with the 
optimum silica value may, of course, show a complete 
absence of defects if these external circumstances all 
operate favourably. Occasional casts in the outer 
ranges of silica values also yield zero defects, particu- 
larly when rolled into very thin plates. 

(6) Since curves for the various types of defect 
‘register’ with each other in all three periods 
examined, it is strongly suggestive that all defects, 
however named, have a fundamental common cause. 

(7) It is concluded that steel quality is primarily a 
function of some condition of the bath before tapping, 
and the addition of deoxidizers to the ladle in order 
to achieve a chemical specification does not appear 
always to prevent the effects of this condition from 
occurring in the ingot. 

RIMMING STEELS 

It is well known that there is an appreciable loss 

of both carbon and manganese during the rimming 


action in the mould and °* floaters ’ high in manganese 
oxide frequently develop on the liquid surface before 
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the ingot is finally capped or plated This 
apparent when the average analysis of the whole of 
a billet cross-section is compared with the killed ladle 
sample and is due not only to the basic C + O reaction 
but also to the turbulence arising therefrom causing 
the surface of the liquid to change continually so 
increasing the extent of atmospheric oxidation. To 
investigate this more fully the differences occurring 
between the ladle sample and individual randomly 
selected billet samples were ascertained for a number 
of casts of rimming steel (0-O8—-0-13°,, carbon, 0-30 

0-40°%, manganese) with tapping-slag iron contents 
varving over a wide range. 

Six to eight billets from each ladle were randomly 
sampled after lifting in bundles from the cooling bank 
cradle and depositing on the floor of the inspection 
bay. Occasionally one result out of the six or eight 


loss 1s 


billets would be unduly high in carbon and manganese 
This was found by sulphur printing, to indicate a 
segregated billet from the ingot top and the result was 


discarded. The general level of the results, however 
indicated in the various casts differing degrees of 
deviation from their ladle samples. 

Unfortunately for this series, no full tapping-slag 
analyses were available but only * total iron * contents 
On plotting the carbon and manganese differences 
against the iron content of the slag the results shown 
in Fig. 10 were obtained. In all, some 70 casts were 
examined and the horizontal lines show the spread 
obtained for various levels of total iron. The losses 
range from 0-005 to 0-045°%C and from 0-0 to 0-06°, 
Mn. Such results even allowing for the apparent 
‘gain’ in several casts at 19%, Fe in slag are not the 
consequence of analytical errors. The results are 
examined statistically in the Appendix and it becomes 
apparent that an average curve drawn through the 
bandspread has a striking resemblance in general form 
to the defects curve for plate steels already established 
For reasons already stated (p. 220) no equivalent 
quantitative values for the billet casts were available. 

To compare these billet curves with the final plate 
defect curve established in Fig. 9a, the iron values 
of the rimming steel slags were translated to probable 
equivalent silica values by means of the average curve 
AB shown in Fig. 5. The result obtained from a plot 
of the * peak ’ values is given schematically in Fig. 9b. 
The fundamental shape of both curves in Fig. 9 is 
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(The broken curve is the estimated average) 
Fig. 5—-Relationship between SiO, and total Fe in tap- 
ping slags, all periods 


now seen to be identical except that the rimming steel 
curve is shifted in relation to the silica scale in the 
direction of higher iron values, which is entirely 
consistent with the considerably lower carbon range 
of the rimming steels. 

GENERAL DISCUSSION 

While the evidence provided by the plate steels 
may be acceptable in the implied sense that if steel 
is made under slags of closely controlled and specific 
composition then it is the best steel (‘if the slag is 
right the metal is right’) it is necessary to attempt 
some explanation of the mechanism and to provide 
some link between the two graphs in Figs. 9a and b. 

There is obviously a narrow optimum range for 
silica in the tapping slag. Tables I-III show that on 
the average this range is accompanied by some 5-7°% 
P,O, giving a ratio of SiO,/P,0, of about 2:1, or 
a total of 19-21°% ‘ acids’. 

This latter value is generally accepted since it gives 
a satisfactory fluidity in conjunction with a lime 
content of 48-50° and consequently a basicity ratio 
of 24:1, usually adequate to desulphurize satis- 
factorily. ‘The critical silica content is less easily 
acceptable and an attempt to account for this consti- 
tutes the tentative theory put forward. It may be 
assumed that while equilibrium between slag and 
metal is not strictly achieved in the OH furnace 
since there is a continuous movement towards a lower 
carbon and a higher degree of oxidation, the silica 
in the slag will influence the silicon in the bath (cf. 
the reduction of silica in the acid furnace). 

It has been customary in the past to consider silicon 
in the basic bath immediately at melting and during 
refining as a ‘trace’ because of the environment. 
Accurate determination of the small quantities in- 
volved is not simple. However, it is possible if one 
adopts Schenck’s! conventions of ‘ free ’ components 
in slags, to use an equilibrium constant and obtain 
calculated values for silicon in the bath. While these 
values may not be absolute they do show the order 
of magnitude, and trends, as the silica in the slag 
changes. 
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Fig. 6—Relationship between defects and total Fe in 
slag, December 1957-February 1958 


In Tables I and II the metal/silicon values have 
been calculated using the ‘ free’ silica and total iron 
values (as FeO) for each of the average slag composi- 
tions classified according to their silica contents. 
Schenck’s? calculations concern the evolution of a 
final slag composition from assumed free component 
values. The present work has involved the determina- 
tion of the free components by trial and error from 
the final slag. 

It is to be noted also that the free MnO values have 
been determined to enable the calculation of residual 
manganese to be carried out on a similar basis. 
Assuming a constant temperature of 1 600°C the 
calculations reveal that if slags are very high in silica 
(and consequently have a low total-iron content) then 
the residual silicon in the bath may be surprisingly 
high, i.e. about 0-01°% while, conversely for very 
low-silica slags having a high iron content, then the 
residual silicon is as low as 0-002%. These extremes 
appear to be both reasonable and possible but precision 
analytical work at these levels is by no means easy. 

A review of the slags in all tables reveals that, rela- 
tive to silica, the total MnO in each is more nearly a 
constant. Hence the free MnO in the slags and the 
residual Mn in the metal is roughly constant also over 
the whole range. 

For the series of slags in Tables I and II the [Si] 
and [Mn] values are plotted in Figs. 11 and 12. These 
contents will have a considerable effect on the activity 
of any oxygen present. If one compares the deoxidiz- 
ing power of silicon with that of manganese and one 
also considers the capacity of unit weight of the former 
to take up oxygen when compared with unit weight 
of manganese, then it appears that residual silicons 
in the 0-002-0-008% range are indeed significant in 
their influence on oxygen activity. 
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DEFECTS INDEX, PITTING+SHELLING 

Fig. 7—Relationship between pitting plus shelling and 
SiO, for duplex and straight OH charge, July 
1955-November 1956 


Si > SiO, unit weight of Si = 1-14 unit weight O, 
Mn —> MnO ,, pee » Mn =0-29 ,, ” * 
and in this respect the existence of a [Si] towards the 
lower end of the present range may be equivalent to a 
seriously lowered residual manganese value, a quantity 
in itself associated with ‘ quality ’ by many workers. 

The total oxygen equivalent of these two residuals 
for any slag silica value is, as seen from Tables I and 
II much greater than the total bath oxygen found in 
steels of the carbon range of the semi-killed groups 
and therefore without further knowledge one can only 
interpret relatively their effect (i.e. [Mn +- Si]) on the 
activity of the oxygen in the bath. 

Over the range of slags encountered however, the 
important point emerges that while the variation in 
this ‘ oxygen equivalent ’ or oxygen activity increases 
continuously with increasing silica (top curves in Figs. 
11 and 12) there is an optimum silica value above and 
below which there is an increase in defects. 

Some confirmation of this is given by Schenck? who 
quotes a V-shaped curve by Hengstenberg similar to 
those in the present work, in which rejects are plotted 
against [FeO] before deoxidation. The fact that a 
critical value lies in the middle of some scale is strongly 
suggestive of a state of ‘ over oxidation ’ on one side 
and ‘ under oxidation ’ on the other. The mechanism 
that lies behind this is not at all obvious, for it is not 
easily apparent why there should be a critical point 
roughly in the middle of a series unless there is present 
an additional component whose behaviour is governed 
in some way by the critical value, so that at this point 
the combined effects of both are at a minimum and 
on either side an excess of one or the other respectively 
becomes harmful. 

A consideration of the possibility of a gaseous com- 
ponent which may exert an effect by reaction with 
oxygen suggests that this is probably hydrogen and 
the relationship between them may be very similar to 
that found in molten copper as shown in Fig. 13 by 
the curve BCD. The determination of this curve by 
Allen and Hewitt‘ first led to a rational explanation 
of ‘overpoled,’ ‘tough pitch,’ and ‘ underpoled’ 
copper which had been fire-refined and the choice and 
achievement of the optimum point C in the curve was, 
in practice, evolved by trial and error many years 
before the theory became available and must have 
given the best results from the ingot as revealed by 
subsequent working and fabrication. 
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DEFECTS INDEX, TOTAL LESS CRACKING 


Fig. 8 Relationship between total defects (less crack- 
ing) and SiO, for duplex and straight OH charge, 
July 1955-November 1956 


In the case of copper, the achievement of very low 
hydrogen contents by means of high oxygen contents 
alters the density of the solidified metal very little, 
but such materia] tends to fracture on hot or cold 
working owing to excessive non-metallics (Cu/Cu,O 
eutectic) in spite of a high degree of soundness. Where, 
however, the oxygen is deficient, i.e. below the com- 
bined optimum point, then density rapidly decreases 
owing to increasing hydrogen and as a result of its 
evolution during solidification hot or cold working 
may again be adversely affected by the presence of 
unsoundness which is variously distributed depending 
on casting and cooling conditions. 

Referring now to steel it appears that the critical 
silica content is indicative of a ‘ balance’ point (C in 
Fig. 13) between hydrogen and oxygen in the melt 
and on either side of this silica value defects increase 
sharply, as indicated by CY and CB in Fig. 9a. It 
is necessary, however, to attempt an explanation of 
the subsequent fall in defects in still higher and lower 
ranges of silica as shown by BA and YX (or DE) in 
Fig. 9a. The suggested explanation for this is incor- 
porated in Fig. 13 (portions BA and DE respectively) 
in which it is postulated that point B represents 
maximum active oxygen solubility at a certain 
hydrogen level and conversely point D represents 
maximum hydrogen solubility in the melt at a certain 
oxygen level (not necessarily zero). Beyond these 
points the solubility of both oxygen and hydrogen 
each increase only very little as the value of the other 
descends to zero. It is interesting to note that a 
decomposition curve showing the equilibrium between 
H,—-H,O mixtures and iron oxides at 772°C deter- 
mined by Eastman and Evans'° is of exactly the same 
form as that in Fig. 13. Only by such a postulation 
can one explain the changes in direction of the defects 
curve towards the outer limits of the slag composi- 
tions, thereby developing an M-shaped curve over the 
whole range. 

The assumption of curve ABCDE in Fig. 13 as 
governing the relation between hydrogen and oxygen 
in the melt before tapping, suggests that the following 
holds. Point C represents the optimum balance 
between H, and O, and after partial deoxidation yields 
minimum defects by reducing the O, component of 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


A TENTATIVE THERORY 997 








226 

















p? 
| {b) | 
| 

—s 7 
: E 9 
. b} i a 
z | + + 
3 “AN 
a i4 j 
<a D > 
aa Fe} 
™ 2 : C . Fe" 1 
4 oN 4 
val ~~ 
4 — 4 
= | | Bo | 
fm ev Pr re | 
Q 9 | 
oat A’ i9Fe 
+42 ia _J 
3 0 Oc YO? 0-03 


2 +O! 0-02 
DEFECTS INDEX,SEMI- KILLED CARBON LOSS, RIMMED 


Fig. 9 (a) Summary curve, defects for three periods 
v. SiO, 
6) Schematic curve for carbon loss, rimming 
steels v. SiO, 


the reaction. From C to B, while hydrogen does not 
decrease appreciably the oxygen increases rapidly and 
the practically fixed amount of deoxidizer used in 
practice does not adequately remove this oxygen 
therefore in overoxidized steel (to differing degrees) 
results, with effects as illustrated in Fig. 14. Along 
CB therefore, increasing defects are due to (a) hydro- 
gen, plus (5) increasing oxygen, which may yield H,O 
on solidification plus excess oxygen. From B to A 
however, while over-oxidation persists, the additive 
harmful effect of the hydrogen plus oxygen reaction 
reduces to near zero and therefore defects become 
somewhat reduced. 

Conversely from C' to D, the increasing defects may 
be due to a minimum H, plus O reaction (determined 
by the degree of deoxidation applied) on solidification 
but a very rapidly increasing unsoundness due to 
excess H, as PD is approached yielding maximum 
defects at D (see Fig. 15). 

From D to E defects are reduced somewhat again, 
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this time by a reduction of O, to near zero, thereby 
removing the contribution to the defects made by the 
H, plus O reaction but still leaving defects due to H, 
unsoundness which are more serious in working than 
their equivalent in the range BA. 

If one considers the curve derived from the facts 
as presented in Fig. 9a to consist of the M-shape 
ABCDE it agrees very well with Fig. 13 with the 
exception of the area Y X D superimposed. The loca- 
tion of this area is between C and PD in Fig. 13. 

To account for this secondary reduction in defects, 
two possibilities may be considered, since there is no 
doubt of the statistical significance of the point X 
in Fig. 9a. 


(i) The area VY XD is a result of deoxidation in som 
way. This is not very likely since one would expect 
the partial deoxidation applied in practice merely to 
shift the whole curve nearer to the H, axis in Fig. 13 
possibly together with some overall distortion as the 
deoxidizer became somewhat more efficient in the 
higher oxygen range. 

(ii) A more reasonable explanation of F XD may 
well be that the defects in this area have assumed a 
form not so easily detectable as they are elsewhere. 
The area lies on the excess hydrogen side of the H,/O, 
reaction and if the surface defects occur principally 
as fine seams they are not apparent unless plates are 
descaled by pickling. Seaminess of this type is often 
encountered in billets and from small sub- 
cutaneous blowholes becoming exposed during hot 
working. Their presence in killed indeed 
ascribed to hydrogen by Barraclough.*® 


arises 


steels is 


It is possible that from X towards Y and D the 
character changes so as to render the defects more 
visible. ‘This explanation, while not entirely satis- 
factory is considered more rational than (i) above. 

It can be concluded however, that the partial 
deoxidation purposely applied for the production of 
semi-killed steels does not prevent the degree of 
defects encountered, from following the pattern of the 
H,/O, relationship. 


Application to rimming steels 
It is necessary to consider whether the remarkably 
similar form of the curve for rimming steels given 
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Fig. 10—(a) and (6) Spread of C and Mn, losses in rimming steels v. total Fe in slag 
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schematically in Fig. 9b can be explained by the 
postulated H,/O, relationship. That hydrogen is 
evolved from rimming steels is well known. It is also 
known that such steels in the mould may display 
three characteristics i.e. they may rise after com- 
pletion of teeming, or remain level, or they may sink. 

The latter type is definitely associated with high 
iron slags, indicating as far as is known a considerably 
higher state of oxidation. This type varies consider- 
ably, for during teeming some casts may froth up 
initially to such an extent at the start as to leave an 
almost complete shell behind as subsequent cooling 
of the first liquid metal takes place. This characteristic 
is usually controlled by relatively heavy additions of 
aluminium to achieve a level ingot and prevent a 
deeply sunken top. 

The type which rises after pouring is usually 
associated with low-iron slags. The addition of 
aluminium may increase the rise and conversely the 
addition of powdered iron oxide causes them to sink. 
Level rimmers do not need additions. 

If one neglects the underlying C/O reaction common 
to all types then there is a remarkable overall simi- 
larity to the behaviour of the fire-refined copper in 
the underpoled, overpoled, and tough-pitch condition 
respectively, and C’ in Fig. 96 is suggested as corres- 
ponding to C in Fig. 13. At this point the degree of 
carbon and manganese loss while rimming is basically 
due to the primary C/O reaction. 

From C’ to D’ however, there is a rapid increase 
in the H, content and consequently the basic reaction 
is supplemented by its evolution, resulting in an 
increasing loss of carbon and manganese which arises 
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Fig. 11—Calculated residual Si and Mn v. shelling and 


SiO,, June-November, 1953 


MARCH, 1959 


A TENTATIVE THEORY 





2 me 
~~. 











> 


Fig. 12—As Fig. 11, July-November, 1956 


from extra turbulence causing increased oxidation by 
the atmosphere during rimming. ‘This may be accom- 
panied by the formation of floaters and rising of the 
metal in the mould. The addition of aluminium over 
this range causes a further increase in the rise particu 
larly if added near the ingot top and this may be due 
to the increase in sluggishness of the liquid near the 
top as a result of the local reduction of the C/O reaction 
intensity. 

From D’ to E’ the rimming action decreases in 
intensity owing to the rapidly falling intensity of the 
primary C/O reaction and consequently the carbon 
and manganese loss again diminishes. 
reveal considerable pearlite in the ‘ rim.’ 

A similar explanation may be given for the behaviour 
from C’ to B’. Towards B’ the carbon and manganese 
losses increase again because of an increasing intensit\ 
of the basic C/O reaction, while from B’ to A’ the 
very rapid decrease in the H, content again results in 
a diminishing total intensity of rimming compared 
with the range C’B’. It is not easy, however, to 
reconcile the rimmers in this latter range B’A’ which 
sink, with the effect of aluminium additions on them 
(unless the aluminium serves to restore the rapidly 
diminishing intensity of the H,/O, reaction by the 
addition of hydrogen). 

While much of the foregoing 


These steels 


is conjectural, the 
explanation in no way interferes with the mechanism 
of blowhole formation put forward by Hultgren and 
Phragmen.? 
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ACTIVE OXYGEN CONTENT 


Fig. 13--Suggested relationship (schematic) between H, 
and O, in liquid steel 


Effects in practice 

Since, from the statistics, defects have been shown 
to increase on either side of an optimum silica value 
in the slag, it follows that shelling, for instance, must 
arise from two different causes if the theory is to be 
acceptable. 

For low silica slags, indicative of insufficient deoxida- 
tion, shelliness might be expected to arise from metal 
which is dirty at the solidification point and therefore 
welding, or effective absorption of any splashes with 
and by the rising metal in the mould does not take 
place, particularly if temperatures are low. 

For the under-oxidized state (high silica range) it 
may well be that the rapid drop in solubility of the 
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hydrogen content at the melting point results in a 
layer of hydrogen on the metal surface, which, in 
contact with the atmosphere during the falling of the 
stream into the mould, contributes to the formation 
of a skin, which in its turn may also prevent welding 
of splashes. It may also be that the sudden reduction 
in solubility of an excessive hydrogen content contri- 
butes to increased splashing directly, particularly on 
first opening the stopper over a mould and this may 
explain the almost explosive ‘ plop’ which is fre- 
quently encountered at the first impact of the stream 
with the stool. 

This explanation has been prompted by results 
obtained on the effect of gases on the melting and 
casting of bronze.® 

Figure 16 shows a series of small ingots, chill cast in 
a copper mould, of a 90-10 tin bronze. The first bar, 
melted and cast in an atmosphere of carbon monoxide, 
yielded from an uncoated mould the ingot shown on 
the extreme left. The bottom portion is extremely 
rough and this was at first thought to be due to a 
slight leakage of metal from the bottom of the crucible 
just before casting. A repetition of the experiment 
yielded the adjacent bar in Fig. 16 and the result was 
exactly similar. 

Two further repetitions, this time using a mould 
coated with acetylene soot, gave the third and fourth 
bars and an explanation based on the assumption 
that the solubility of carbon monoxide in liquid 
bronze falls rapidly to a small value at the liquidus, 
with little further change over the freezing range, was 
put forward as follows. The first stream of metal 
from the crucible is hottest and contains at the instant 
of release the most gas. On contact with the cold bare 
mould this gas is suddenly evolved and may act as a 
cushion preventing the now rapidly chilled metal from 
reaching the sides of the mould in places. Subsequently, 





Fig. i4—Badly cracked slab 
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Fig. 15 Badly shelled slab 


three factors are progressively coming into play: 
i) The stream is cooling somewhat and has in con- 
sequence a smaller gas content 
(ii) The rate of rise of metal up the mould wall is 
less rapid (loss of * head ’ 





(iii) The mould is becoming progressively warmer ’ ; 4 
by conduction. * ‘ 
Thus there is a point at which the edges of the rising " 


surface tend to remain liquid for a longer time, result- 

sea? ; 

ingtin gas being evolved more smoothly and quietly, 

and soundness and ingot surface smoothness increases 4 


in consequence ‘ite. 


Fig. 17--Longitudinal section of ingot melted in hydro- 
gen atmosphere 


This view is consistent with the results obtained 
with coated moulds. In such moulds, the initial chill 
on first impact of liquid metal is less severe and gas 
evolution down to the liquidus is more quiet, thereby 
yielding a smoother surface. This explanation of the 
function of a mould dressing is more rational than 
any involving * wetability,’ surface tension, viscosity 
etc., which has been given in the past. 

It is interesting also to note that the ingot on the 
extreme right of Fig. 16 was melted and cast in pure 
hydrogen under precisely similar conditions of melting 
and pouring. It is obvious that hydrogen is soluble 
to a much greater extent than carbon monoxide and 
the consequent effects are much more exaggerated. 
Figure 17 shows a longitudinal section of this ingot. 

The appearance of the bottom portions of the first 
two ingots poured into uncoated moulds very strongly 
supports the theory put forward that shelling is by 
no means produced exclusively by the simple oxidized 
‘a splash mechanism, since splashing takes place in all 

top-poured moulds, and yet not all top-poured ingots 
Fig. 16—-Small ingots are ‘shelly.’ Also, the pouring of ingots down a 
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central steel tube extending to near the bottom of the 
mould and allowing the tube to melt as the liquid 
surface rises is no guarantee that shelling will be 
absent. Neither is the extremely rapid pouring based 
upon the idea that any splashes will be more easily 
and rapidly absorbed by the quicker rising liquid. 


The author has seen some of the worst examples of 


shelling produced by teeming through a 4-in. nozzle 
from an 80-ton ladle into 15-ton slab moulds (filling 
time about 20s). An acceptance of the truth of this 
involves two corollaries: 


i) A coated mould may help to produce a better 


surface in some but not all circumstances 


(ii) If the steel is substantially free from a soluble 
gas then a mould coating is not necessary. 


Item (ii) has been confirmed in practice since an 
uncoated mould even when top poured does not 
always produce shelling. 

Since there is a close correspondence in Figs. 1-3 
between pitting and pitting plus shelling curves over 
the range of slags studied, it appears that there is a 
close link between the two defects, i.e. while somewhat 
more distinctive in character, pitting may arise from 
a localized form of patchy shelliness which may become 
detached during rolling. This effect is sometimes seen 
on billets (‘ thumb-nail’ shell) and could arise from 
the failure of numerous droplet splashes to weld, 
particularly in steels teemed at low temperatures. 

No attempt has been made purposely to sum- 
marize the extensive references to hydrogen in steel 
available, since most of these are concerned with after 
effects in the solid state. However, reference may be 
made to a feature of the after-effects which have a 
bearing on the theory put forward. During the ex- 
amination of some 3- and 4-in. thick plates in a killed 
low-carbon—high-manganese steel by supersonic tests, 
it was found that a peculiar irregular response was 
encountered on several plates, and the area defined 
by this type of response took the form of a strip 
(across the longitudinal axis of the ingot) which 
extended downwards to the plate end. There was no 
suggestion of primary segregation or V form; indeed 
the slabs were known to come from the bottom of the 
ingot. Sulphur prints through the plate thickness 
were normal and uniform, but it was discovered that 
typical hydrogen shatter cracks were responsible for 
the effects obtained. Further checking revealed that 
these cracks were present uniformly throughout up 
to an ingot height corresponding with the usual shell- 
ing height (the ingots were indeed ‘ shelly’). It is 
suggested therefore, that a hydrogen concentration 
higher than usual was present in the ingots up to a 
certain height. Beyond this height the mould had 
warmed up sufficiently to allow hydrogen to be evolved 
smoothly during teeming and consequently shelling 
ceased together with hydrogen cracks. Slow cooling 
after rolling eliminated this defect in subsequent 
casts and re-rolling of the faulty plates to thinner 
gauges eliminated the shatter cracks as would be 
expected. It is obvious that ordinary low-carbon 
steels are susceptible to hydrogen effects and the 
feature described above is no doubt responsible for 
many test pieces displaying a ‘ woody fracture ’ with 
a poor elongation. Such test pieces in the majority 
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of cases come from positions in the plate corresponding 
to the bottom of the ingot. 

An additional link between the postulated theory 
and practice may be pointed out. General experience 
indicates that the ingot surfaces of alloy steels, par- 
ticularly nickel steels, are usually worse than those 
of plain steels of the same carbon content and necessi- 
tate more dressing and rectification for similar-sized 
ingots. Such steels are known to be more susceptible 
to shatter cracks and presumably therefore possess a 
greater degree of solubility for hydrogen. Even low- 
carbon-high-manganese steels, e.g. those to Lloyds 
P403 rule, are known in practice to entail more 
dressing on an average than their ordinary mild steel 
equivalents. Molybdenum appears also to confer an 
increased degree of solubility for hydrogen both in 
the liquid and solid state and special precautions 
usually retarded cooling at some stage of working, 
become necessary to avoid shatter cracks. 

Finally, with reference to * total defects’ (except 
for cracking) it can be seen how the level of these is 
influenced by such factors as the degree of sponginess 
of the ingot top, or depth to which objectionable 
segregation may run (also influenced by temperature), 
thereby yielding deviations from a standard as 
revealed by fixed cropping. It is suggested that if 
one could ascertain accurately the true bulk density 
of a whole ingot, this would provide a good measure 
of * quality ’ as it is likely to affect subsequent working 
and manipulation. 


PRACTICE IN RELATION TO THEORY 

An attempt has been made by means of factual 
evidence, to explain how the ‘ condition’ of a steel 
bath before tapping exerts an influence on quality 
It would be incomplete to omit reference to methods 
by which the optimum condition can be secured. 

A brief review of methods used in refining reveals 
two distinct ways in which melters work. The first, 
which is probably by far the most prevalent, may be 
described as the ‘ pepper and salt’ method. It is 
characterized by the early addition of iron oxide, 
particularly if the carbon at melt-out is undesirably 
high, and is usually accompanied by a pan of lime 
as a libation. This may or may not be followed by 
inconsequential additions of spar to thin out or more 
lime to thicken or more oxide to remove more carbon. 
The result is that the correct basicity and an adequate 
level of oxidation (as indicated by the iron content 
of the slag) is achieved only a comparatively short 
time before tapping. 

It is believed that this method has grown up from 
the use of high phosphorus iron, particularly in tilting 
furnaces, where the removal of slag becomes necessary, 
and the urgency to produce a new liquid slag suggests 
the simultaneous use of oxide plus base to give low 
melting-point ferrites. 

While charges worked by this method need not 
necessarily be poor in quality, there is no doubt that 
the method is characterized by a greater degree of 
variability, and desulphurization is certainly not as 
efficient as it might otherwise be because of early 
oxidation and short time of contact of the metal with 
a highly basic slag. Frequently in such charges the 
slag iron may show at intervals a temporary decrease 
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(lack of basicity) instead of a persistent steady 
increase. Therefore one can picture this method in 
the light of the theory submitted, as being similar 
to a pendulum swinging erratically in the path of the 
curve in Fig. 13, with no guarantee that the pendulum 
will come to rest at the optimum point at tapping. 
Late additions of lime made to slow down the rate 
of carbon drop can add appreciably to the hydrogen 
content of the bath, a fact well known in basic electric 
steelmaking. 

The alternative method of attack is more systematic 
and controllable, and undoubtedly yields a superior 
steel condition with cast-to-cast variation. 
Consideration of Fig. 13 shows that to eliminate 
hydrogen a fairly high degree of oxidation is necessary 
accompanied by an undisturbed boil. To achieve this 
one must proceed along the curve always in a constant 
direction, ie. HDC B without oscillation, aiming to 
arrive at point C. This can only be achieved by the 
initial adjustment of the melting slag to its correct 
basicity. 

It is curious how many melters fail to realize that 
the basicity of the slag is the only controllable factor, 
the necessary degree of oxidation following auto- 
matically from the C/O equilibrium. This method 
rigorously precludes mixed feeding and/or the early 
addition of iron oxide until correct basicity has been 
secured. While the initial rate of carbon loss may be 
slower at first, the final rate is compensatingly faste1 
and total time to refine is not necessarily protracted 
thereby. Higher bath temperatures are achieved and 


less 


\ TENTATIVE THEORY 23) 
achieves a sulphur lower by 0-01% on the average) 

Many melters are reluctant to use this method since 
it involves a longer period of concentration while 
conditioning the early slag which is more severe on 
the roof because of its stagnancy. There is also some 
impatience with the slower initial rate of carbon loss. 

The assessment of the correct basicity, which in 
turn secures the optimum silica level, can only be 
achieved at present by the skilful examination of slag 
pancakes because of the lack of sufficiently rapid 
methods of analysis. Herein lies the art and craftman 
ship of good steelmaking 
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APPENDIX 


A statistical investigation into the existence of a functional relationship between tapping slag 
iron and carbon and manganese losses in rimmed steels 


Null hypothesis 


In any investigation of this nature the usual method 
is to adopt a ‘ null hypothesis,’ i.e. 
fact all the items were drawn from the same population 
and that the spread of results is due only to the random 
effects of uncontrolled variables. On the basis of this 
hypothesis it is then possible to calculate the probability 
of getting the result which has actually been obtained. 
If the chance of getting the observed result is extremely 
low one may then safely reject the null hypothesis and 
the existence of degree of correlation is thus 
demonstrated. 


to assume that in 


some 


Nature of the proble ” 


The results consisted of values of carbon loss measured 
at ten different levels of tapping slag iron. The problem 
was to determine whether or not the variation of carbon 
loss between the levels was significant when compared 
with the variation of carbon loss within the levels. 

The first step was to determine the grand total of 
squared deviations of all the items from the grand 
average. The total number of degrees of freedom was 
next found as one less than the total number of items 

The next step was to partition the total sum of squares 
and the total freedom into components 
corresponding to * between level averages ° and * within 
levels ’ respectively . 

To get the * between levels ’ 


degrees of 


effect it was necessary 
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level’ effect This 


level average, 


first to eliminate the ‘ within was 
done by replacing each item by its own 
thus leaving the grand total unchanged. 
modified items, the between levels sum of squares was 
calculated in an identical manner to that previously 
employed to determine the total sum of squares 

The levels degrees of freedom found 
directly as one less than the number of levels. The within 
levels sum of squares and degrees of freedom were then 
immediately direct from. the 
total sum of squares and the total degrees of freedom 

The results may be summarized as follows: 


Using the new 


between were 


obtainable by subtraction 


Variance 
estimate 


Source of Sum of 


Squares 


Degrees of 
fre edom 


variation 


Between levels 1010 of) 112 
Within levels 3704 349 10-6 
Total 1714 35s 


Hence the variance ratio is 112/10-6, i.e. about 10-6. 

Snedecor’s 1% level of variance ratio table gives 
value of 2-3 for these degrees of freedom. This indicates 
a high level of significance. Assuming the null hypothesis 
the probability of getting the 
than one in a hundred. 

This means that in spite of the superimposed eftects 
on the carbon loss of other random variables, for example 
variation of temperature, a functional relationship 
between tapping slag iron and carbon loss is still evident. 


observed results is less 
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Having established the existence of a functional 
relationship, attention was next turned to an attempt to 
determine its nature. It was at once apparent that owing 
to the obviously complex nature of the function, any 
method based on the normal theory of linear regression 
would not be applicable. Consequently the method 
adopted was to try to make some estimate of the signifi- 
cance of each level mean so as to fix confidence limits 
for its value. 

For each level of tapping slag iron the ‘ standard error 
of the mean’ was calculated. 

This quantity is defined as 

om ovn 
standard error of the mean, o = 


where om standard 
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deviation of the original items, and nm = number of items 
in each level. 

The probability of further sampling showing that the 
true mean is more than 3.q//n on either side of the level 
mean is only about 1%. Thus one can set up 100 to 1 
confidence limits at a distance of 3c,, on either side of 
the level means. These 100 to 1 confidence limits were 
plotted for each level of tapping slag iron and the 
resulting diagram gave a very good idea of the outside 
limits of the curve representing the relation between the 
tapping slag iron and the carbon loss. 

The procedure was repeated using a series of values 
of tapping slag irons and manganese changes and an 
essentially similar result was obtained. 
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The texture and mechanical properties of iron 


By C. J. Ball 
INTRODUCTION 
THIS WORK is the continuation of an investigation 
into the method of formation of the substructure 
developed in pure polycrystalline metals when de- 
formed and the part this substructure plays in con- 
trolling the subsequent deformation. 

Gay, Hirsch, Kellar, and Kelly,’~* in a series 
of papers, have shown that sub-grain formation is a 
feature of the deformation of a variety of metals. 
Kelly,® continuing the work, sought to explain the 
stress/strain curves of aluminium and iron in terms 
of the observed variation of sub-grain size with strain, 
using a theoretical relation between flow stress o and 
sub-grain size t of the form oat-+. It was decided 
to test this relationship in specimens that had been 
prepared under differing conditions, thus enabling an 
investigation to be made of the effect of other variables 
as well. 

Aluminium was investigated first,® as it is the metal 
best suited to the X-ray microbeam technique, and 
it was found that the relationship is obeyed. Rather 
surprisingly, the angular misorientation across a sub- 
grain boundary does not seem to affect its strength. 
In iron, Hall’? and Cracknell and Petch® have shown 
that the lower yield stress is related to the grain size 
by the same type of relation. If sub-grain boundaries 
are as strong as grain boundaries, it should be possible 
to extend the work of these authors to grain sizes of 
~ lp. The present paper describes an attempt to do 
this. 


EXPERIMENTAL 

Preparation of specimens 

High-purity iron wire 1-5 mm in diameter (BISRA 
grade AHN5, 99-97%) was straightened by hand, 
recrystallized at 800° C for 4 h in a vacuum furnace, 
and cooled by removing to a cold part of the furnace, 
still in vacuo. This treatment gave strain-free grains 

Manuscript received 3lst March, 1958. 

The author, who was formerly at the crystallographic 
laboratory, Cavendish Laboratory, is now at Makerere 
College, Kampala, Uganda. 
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SYNOPSIS 


An investigation has been made of the substructure developed 
in pure iron by deformation in tension at temperatures in the range 


77° to + 500° C. The flow stress on subsequent straining at room 
temperature is related to the substructure. 1565 


of size 50u. The wire was then cut into 4-cm lengths 
and hard-soldered into mild-steel end-pieces. These 
were heated in a special electric furnace. The holes 
into which the wire fitted were first filled with solder 
and then the cold wire, well coated with flux, was 
inserted. This caused the solder to solidify. As soon 
as the solder remelted sufficiently to allow the wire 
to be pushed to the bottom of the hole, the end-piece 
was removed from the furnace and allowed to cool. 
During the operation, the wire was not above 400° C 
for more than 10 s. 

Specimens were strained in a hard- beam machine at 
a rate of 4 x 10-5 s“ at temperatures in the range 
— 77° to+ 500°C. High temperatures were obtained 
with a salt bath controlled by an Ether Transitrol to 

+ 2°C, low temperatures with a bath of paraffin 
(100° C) or dry ice in acetone (— 77°C). At each 
temperature specimens were strained by ~ 13%, 20%, 
and 28%, if this was possible without fracture. 

After deformation the specimens were annealed at 
500° C for 12 h in vacuo, and etched in the centre 
of the gauge length to a depth of ~ 20y with a few 
drops of concentrated nitric acid. 

Examination of specimens 

Back-reflection photographs were taken of all speci- 
mens using beams of diameter between 50yu and 200, 
with unfiltered radiation from an iron target in a 
Hilger microfocus X-ray set. The camera is shown 
in Fig. 1. The film holder and specimen are clamped 
to two silver-steel rods, which can be adjusted so that 
the beam is centrally placed and parallel to them. 
The collimator, a piece of lead-glass tubing, is mounted 
on a plate fitted with traverses, which in turn is 
clamped to the X-ray tube. 

With this camera, which is very easy to make and 
operate, the specimen is about 5 cm from the focal 
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Fig. 1—The X-ray microbeam camera 


spot. Exposure time is ~ 5 h with the line focus 
(1 mm 0-1 foreshortened to 0-} mm square) 
and ~ 20 h with the point focus (0-05 mm diameter, 


toreshortened to 0-05 mm 


niin 


0-005 mm). The operat- 
ing powers were 2-5 mA and 250 wA respectively, at 
30 kV in each case. After X-ray examination, the 
specimens strained at temperature 
BO” OC). 


were re Pood! 


RESULTS AND DISCUSSION 

Stress strain curves 
Stress/strain curves of specimens receiving the 
greatest strain at each temperature are shown in 
Figs. 2 and 3. The strain is based on the original 
gauge length, the stress on the instantaneous cross- 
sectional area. At strains slightly greater than those 
shown, the specimens would neck down and break, 
usually near the centre of the gauge length. As the 











=" 
A > 


STRAIN 


Fig. 2—Stress/strain curves of specimens strained at 
7°, + 20°, and + 100°C 
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Fig. 3- Stress strain curves of specimens strained at 


200, 300 , 400°, and 500 C 
specimens were not perfectly straight at the start of 
the straining. the initial parts of the stres 
curves should be disregarded ‘| he strain each speci- 
men received was calculated trom the separation of 
fine length; this 
agreed very well with that calculated from the cross- 
head travel of the straining 
specimens strained at 500° ¢ 
of the TIPS OC¢ urred 


s strain 


scratches inscribed on the 


gauge 
machine, except for 
when some pulling out 
effects of 


The curves show clearly the impurity 


locking of dislocations 


Annealing 

The purpose of the annealing treatment at 500° ¢ 
was to reduce internal strains in the specimens. Kelly ® 
has shown that, in aluminium, the effect of an annea! 
at a somewhat lower temperature is to eliminate the 
background between spots on a microbeam photo 
graph, without affecting greatly either the angular 
spread of an are or the sub-grain size, though this 
latter is reduced slightly. Figures 4a and 6 are photo- 
graphs of a specimen strained ~ 20% at room tem- 
perature, taken before and after receiving this treat 
ment, and show that the effect is similar in iron 
though the background is not completely eliminated 
An anneal at a higher temperature or for a longer 
period might have achieved this, but it was essential 
not to recrystallize any of the specimens 


nr geen 9 


a 7 . *” 
a ww - ’ ) 7 oo 6 
ied e , 
b « ° 
Fig. 4—Arcs from microbeam photographs of a speci- 


men deformed ~ 20%, at room temperature (a) as 
deformed, (6) after an anneal for 12 h at 500° C 
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TABLE I 


Data on iron specimens 








y 
| Def tio se Angul Sub-grai Yield | 
| coonpenntane, Strain, uation chee te) re Prem | 
j ; tions (8 kgmm* | 
77 21-7 13 1-6 28-8 
‘ 28-8 17 1-2 30-6 | 
0 13-5 . 1-8 29-8 | 
| " 20-0 16 1-7 29-0 | 
os 28-4 22 1-4 32-2 | 
| 
100 10-5 10 2-7 27-0 | 
200 12:7 7 1-9 29-4 | 
” 16-8 6 2:9 30:3 
| 300 13-5 7 24 240 | 
_ 19:3 14 2-0 30-8 | 
| 
| 400 13-3 10 2:4 26:0 | 
* 20-0 15 2-4 27-1 | 
” 26:7 16 1-8 28-1 
| 500 13-2 8 2-9 25-9 | 
- 17-8 10 2-3 
i 
The apparent reduction in sub-grain size is probably 
not a true effect; before annealing the resolution is 


poor, and the value obtained for the sub-grain size is 
almost certainly an over-estimate. 


Sub-grain size and misorientations 
Values of the range of misorientations in one original 
grain 8, and sub-grain size ¢ for all specimens are 
given in Table I, together with the treatments these 
specimens received, and their yield stress on sub- 
sequent straining at room temperature. 
Measurements have been made on the {211} ring. 
(Methods of interpretation have been given by Hirsch 
and Kellar!). The figures quoted for 8 are averages 
of all the arcs appearing on two or three photographs. 
There is some uncertainty in the determination of 
sub-grain size. This arises partly from the finite 
angular over which a sub-grain will reflect 
X-rays, even after an anneal. A correction for this 
has been made from measurements on the shapes of 
spots, as described by Hirsch.!° A more serious error 
arises in estimating the volume contributing to each 
arc. The depth of penetration is determined by the 
double-exposure method, using the a, and a, com- 
ponents of the Fe K-radiation to give the two 
exposures, as the absorption factor of the film for 
Fe K,-radiation incident at the angle appropriate to 
the {211} reflection is inconveniently large. However, 
the surface area of a grain reflecting to an arc is not 
known. As the beam size employed was generally 
about twice the original grain size, the area contribut- 
ing to an are has been taken as equal to the mean 
grain area. This takes no account of the distribution 
of grain sizes, and assumes that the grain reflecting 
to any particular arc lies wholly within the beam 
The probable error in the values quoted in Table | 
is 10%. The values of sub-grain size obtained on 
deformation at room temperature are in very good 
agreement with those obtained by Kelly.5 At higher 


range 
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temperatures larger sub-grain sizes are obtained, as 
previously found in aluminium, but the effect is not 
so marked. As in aluminium at temperatures below 
that of grain-boundary sliding, the range of misorienta- 
tions within one grain does not appear to vary in any 
systematic way with the temperature of deformation. 

An interesting feature is that, even after an anneal 
at 500° C, the resolution on photographs of specimens 
strained at 100° or 200° C is very poor; probably, this 
accounts for the rather anomalous values obtained for 
the sub-grain size. 

If the substructure were formed by a polygonization 
process, either during or after deformation, a pro- 
longed anneal at 500° C should ensure that the sub- 
structure produced by deformation at 200° C was at 
least as clearly defined as that produced by deforma- 
tion at 20°C. That this is not the case is strong 
evidence in support of the view that the substructure 
is formed during the deformation by glide, and is not 
the result of a polygonization process. 


Flow stress 


On re-straining at room temperature, all specimens 
gave very similar stress/strain curves. A typical one 
is shown in Fig. 5. In no case was there a yield drop. 
The stress corresponding to the flat portion of each 
curve has been given in Table I. 

In Fig. 6 the values of flow stress are plotted against 
the inverse square root of the sub-grain size. Also 
shown are Cracknell and Petch’s® relation between 
the lower yield point and (grain size)? in annealed 
Swedish iron of comparable purity, and the original 
flow stress at room temperature of the specimens used 
in this work, also plotted against (grain size)*. 

Unfortunately, the scatter of the experimental 
points is large, and they could probably be fitted to 
a number of curves. What is definitely established is 








Fig. 5—Stress/strain curve of a specimen on restraining 
at room temperature 
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that they do not satisfy Cracknell and Petch’s relation 
kt-4 

with the values of the constants they obtained. How- 
ever, if the one specimen that gave an anomalously 
large value for the sub-grain size is disregarded and 
the best straight line fitted to the remaining points 
by the method of least squares, minimizing 2(At+)?, 
it is found that the intercept of this line on the o axis 
is 3-5 kg/mm2?, very close to the value of o, found 
by Cracknell and Petch (4-3 kg/mm?*). The coefficient 
of correlation 7 = 0-73. 

As oo is supposed to represent the frictional force 
acting on a dislocation, there is no reason to suppose 
that it will vary with the nature of the boundaries 
obstructing slip. On the other hand, k, which is a 
measure of the strength of the boundary, might very 
well be less for sub-grain boundaries, of angle ~ 2°, 
than for grain boundaries. 

Cracknell and Petch take as their criterion for flow 
the operation of a source in the region of high stress 
ahead of the pile-up. The same relation can be 
obtained by considering the stress acting on the 
boundary." 

Consider dislocations piled up against a sub-grain 
boundary. The shear stress at the head of a pile-up 
of n dislocations under an applied shear stress 7 is 
n( Tr To), Where rt, is a frictional force acting on 
each dislocation. If the criterion for flow is that this 
shall exceed some boundary strength 7g we have'* 


o Oo 


nit To) TR 


Now, 


rl \, 
rh 


n To) 
where J is the length of the pile-up, G the shear 
modulus and 6 the Bergers vector of the dislocations. 
Hence 
(Gb\+ 

To +\ = (r)tL* 
The tensile flow stress will be proportional to 7. If 
the polycrystalline specimen is homogeneously stressed, 
for the most favourably oriented slip system we have 
t= 40. If, further, we put the length of the pile-up 
equal to half the sub-grain size, we get 
g o Z (7s) J y 


7) 


Comparing this with Cracknell and Petch’s equation, 


we see that 
2 (20a) 


and 


Inserting figures, we find for the grain boundaries 
TR G15 
and for the sub-grain boundaries 


G75 


"2 


With the same assumptions, the value of 7g for sub- 


grain boundaries in aluminium was found to be 
G/100.6 The value of G/50 quoted there was for 
pile-ups extending the full length of the sub-grain. 

The mechanism of failure leading to the greatest 
boundary strength is nucleation of dislocations in the 
region ahead of a boundary. The fact that sub-grain 
boundaries are much weaker than grain boundaries 
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Line a, curve fitted to Cracknel 
Line +, least 
Point ¢ 


syuares cur fitte 
juar iry 


initial flow stress of the specimens used this , 


Fig. 6—Plot of flow stress against (sub-grain size)-+ 


indicates that they at least do not fail by this 
mechanism. The most reasonable alternative seems 
to be some form of elastic interaction, as already 
suggested for aluminium. 

In this connection the original stress/strain curves 
(Figs. 2 and 3) are of interest. The flow 
the end of the preliminary straining do not refer to 
specimens in the same mechanical condition as on 
re-straining, on account of the intervening anneal at 
500° C. However, this would not be expected to have 
much effect on specimens strained at 400° or 500° C, 
and the increase in flow stress of these specimens on 
re-straining at room temperature is much greater than 
can be accounted for by the increase in the frictional 
force. This indicates that the boundaries are not 
nearly as effective as barriers to slip at high tempera- 
tures as they are at room temperature unless there 
is some other form of stress-concentration operative. 

A similar decrease in strength at high temperatures 
was found in aluminium. There it was suggested that 
the effect was due to grain-boundary sliding leading 
to stress-concentrations. Ke'® has shown that, in 
iron, grain-boundary sliding takes place at tempera- 
tures above 400° C, and it is possible that this is the 
explanation of the decrease in strength found in the 
present work. An alternative explanation is that the 
strength of a sub-grain boundary is increased if the 
dislocations of which it is formed are locked in position 
by impurities. Above 400° C impurity atmospheres 
would boil off,!* leaving the dislocations in the 
boundary free to move. Experiments with single 
crystals would distinguish between these two explana- 
tions. 


stresses at 
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CONCLUSIONS 

The limiting sub-grain size in iron increases with 
increasing temperature of deformation, though not as 
rapidly as in aluminium. 

Sub-grain formation is hindered at temperatures 
where impurities can follow the dislocations during 
deformation, confirming that sub-grain formation 
occurs by glide during deformation and is not the 
result of a subsequent process of polygonization. 

The range of misorientations within one original 
grain does not vary markedly with temperature of 
deformation. 

Sub-grain boundaries are not as effective barriers 
to slip as are grain boundaries, and their strength is 
further reduced at temperatures where impurity 
atmospheres would boil off dislocations. At room 
temperature their strength is very nearly the same as 
that of sub-grain boundaries in aluminium. 
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The determination 
of trace amounts of cobalt 


in iron 


and steel 


and some associated materials 


By the BISRA Methods of Analysis Committee 


SYNOPSIS 


A method is described for the determination of traces of cobalt 
(< 0.04°%) in iron, steel, iron ore, nickel and chromium metal, and 
the ferro-alloys of manganese, titanium, niobium, and chromium. 
[he procedure depends on a photometric measurement of the 
cobalt complex with nitroso—R-salt after a zinc oxide separation and 
precipitation of the cobalt with a nitroso 8 naphthol together with 
iron as ‘carrier... The reproducibility of the method is within 
+ 0.001%, up to 0-01°, cobalt and + 0-002% up to 0 -04%, cobalt. 

1633 


INTRODUCTION 

DURING the last few years there has been an increasing 
demand for cobalt determinations on steels required 
for certain Atomic Energy Authority applications 
where maximum specification limits of 0-02°, and, in 
some cases, 0-01°, of the element have to be met. 

None of the conventional procedures has the 
required sensitivity for accurate determinations in 
trace ranges and it was obvious that a specialized 
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analytical technique would have to be developed to 
meet this particular requirement. [t was also desirable 
that the method to be developed for steel should be 
adaptable to the analysis of steelmaking materials 
ores, ferro-alloys, etc. as the ability to make steel! 
conforming to specified low cobalt limits is dependent 
on the selection of suitable raw materials. 

The experimental work, on which the present 
report was based, was carried out by the Highly 
Alloyed Steels and Ferro-Allovs Analysis Sub 
committee.* 





* The constitution of the Sub-committee at 3lst March 
1958, was as follows: Mr B. Bagshawe (Chairman). 
Brown-Firth Research Laboratories; Mr C. D. Atkinson, 
Sheffield Testing Works, Ltd.; Mr L. E. Gardner, Edga: 
Allen and Co. Ltd.; Mr S. Harrison, Kayser Ellison and 
Co. Ltd.; Mr J. D. Hill, The Bragg Laboratory, N.O.1.E.: 
Mr G. M. Holmes, London and Scandinavian Metallurgi- 
cal Co. Ltd.; Mr L. Kidman, English Steel Corporation. 
Ltd.; Mr G. Murray, Brown Bayley Steels, Ltd.; Mr R. T. 
Postlethwaite, Samuel Fox and Co. Ltd.; Mr L. N. Taylor, 
Samuel Osborn and Co. Ltd.; Mr J. L. West, Hadfields 
Ltd.: Mr W. Wright. Permanent Magnet Association. 
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EXPERIMENTAL INVESTIGATION 

Consideration was at first given to the possibility 
of improving the sensitivity of the existing British 
Standard method B.S. 1121: Part 30: 1954. This is a 
direct absorptiometric method depending on the 
reddish-brown colour produced by reaction between 
cobalt and nitroso—R-—salt in buffered solution, inter- 
fering complexes of other metals, e.g. iron, being then 
destroyed by treatment with nitric acid. This method 
is satisfactory at cobalt ranges up to 12°, but it 
was not intended for determinations of trace amounts 
and there are several factors which limit the potential 
accuracy of the procedure for this purpose. 

In B.S. 1121: Part 30: 1954 the 4-cm cell covers a 
range of 0-0-8°% cobalt. For the present purpose, 
i.e. trace amounts of cobalt, a suitable range would 
be 0-0-04%, cobalt, and to achieve this with B.S. 1121: 
Part 30: 1954, the sample weight would need to be 
increased twentyfold, i.e. 0-5-10g. Tests have 
shown that large concentrations of iron cannot be 
tolerated, as the iron complex with nitroso-R-salt 
cannot then be completely destroyed by boiling 
with nitric acid and the sensitivity of the cobalt 
reaction is also impaired with increasing iron content. 
The alternative would be to remove all or most of the 
iron. ‘Tests therefore made with a modified 
procedure in which iron was removed by selective 
extraction with amyl acetate. Whilst this was satis- 
factory as a means of eliminating iron interference, 
the procedure failed on alloy steels owing to serious 
interference from nickel and to a lesser extent from 
chromium. 

Nickel is known to react with nitroso—R—salt but it 
does not apparently form a coloured complex with 
the reagent. B.S. 1121: Part 30: 1954 provides for up 
nickel without interference but above this, 
additional reagent is required at the rate of 1 ml of 
the 0-3°, solution for each 0-5 mg of nickel in the 
final aliquot. It follows therefore that in scaling up 
the weight basis twentyfold, as was done in the amyl 
acetate modification, nickel interference takes effect 
at about 0-25°%,, and any useful extension of the non- 
interference range by further additions of reagent then 
becomes impracticable. 

Copper also is known to consume reagent and in 
B.S. 1121: Part 30: 1954, 2% copper is the limit for the 
normal reagent addition. Whilst the effect of copper 
has not been further examined for the purpose of the 
present work, an interference limit of about 0-1% 
copper could be expected, when the sample weight is 
increased twentyfold. 

From the foregoing it was concluded that it would 
be necessary to remove most of the iron, chromium, 
nickel, and copper as an essential preliminary to the 
successful application of the nitroso—-R—salt reaction. 
At this stage some consideration was given to the 
possibility of making use of alternative procedures, 
e.g. the reaction with tetraphenylarsonium chlor- 
ide.) 2, 3 determination as thiocyanate after extrac- 
tion with methyl isobutyl ketone* or as the coloured 
complex with 8 nitroso a naphthol after extraction 
with chloroform.* ® It decided, however, to 
investigate fully the possibilities of applying the 
nitroso—R-—salt reaction before giving further attention 
to these alternative methods. 


were 


to 5% 


was 
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A method was drafted in which iron was extracted 
with amyl acetate, chromium volatilized as 
chromyl chloride fuming perchloric acid 
solution, and cobalt precipitated with a nitroso § 
naphthol from a buffered acetate solution After 
filtration the cobalt complex was decomposed by 
wet oxidation with nitric and phosphoric acids and 
the determination completed photometrically with 
nitroso—R-—salt. The results obtained 
very inconsistent. 

It was considered that at least four factors might be 
contributing to the poor performance of the method 
(a) interference from small but variable amounts of 
residual iron from the amyl acetate separation; (b) 
incomplete precipitation of cobalt with a nitroso B 
naphthol due to the extremely low cobalt concentra 
tion of the solution and the sufficient 
nucleus to * gather’ the precipitate; (¢) interference 
from copper which is co-precipitated with a nitroso £ 
naphthol; (d) possible interference from nickel which 
may not be eliminated completely when the a nitroso 
8 naphthol precipitation is carried out in’ buffered 
acetate solution 

These points were met in a procedure? in 
Which iron and chromium removed by zin 
oxide hydrolysis and cobalt precipitated with @ nitroso 
8 naphthol from dilute hydrochloric acid solution 
together with 5 mg of added iron to act as carrier. The 
zinc oxide separation has the advantage that both 
iron and chromium are completely removed in one 
operation, and most of the copper is also co-precipi- 
tated with the hydroxides. If vanadium is present 
much of this is also eliminated by the zine oxide 
separation and tests by showed no 
interference from when up to 5%, was 
present As precisely 5 my of iron is subsequently 
added as carrier for the cobalt a nitroso 8 naphthol 
complex the final iron concentration is constant and 
the photometer calibration for the 
reaction can be made with the same 
present 

Very satisfactory results were obtained in the first 
trials of this method and only one or two minor 
alterations of detail were made for the final draft 
Precipitation with a nitroso fB naphthol at boiling 
point was studied as the temperature generally 
recommended for this precipitation is 70-80°C. After 
comparative tests had indicated no significant 
difference in results, it was decided to recommend the 
higher temperature since it was easier to apply, but to 
specify that the solution should be removed from the 
source of heat before adding the reagent in order to 
minimize frothing. 

It was decided that the investigation should not be 
extended to the examination of methods using 
tetraphenylarsonium chloride and f nitroso a naphthol, 
as the required sensitivity had been obtained in the 
procedure described above. No comments can there 
fore be made on the alternative reagents 
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APPLICATION OF THE RECOMMENDED METHOD 

The recommended method (see Appendix) was 
applied to a representative selection of steels with 
compositions shown in Table I. The results obtained 
on these steels are shown in Table II. 
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TABLE I 


Approximate composition of samples 














Element, ° } 
Sample . a iia ial 
no. 
Cc Mn Si Ni Cr ! Vv Mo Cu Ti Sn Others Material } 
MGS 64 0-34 S 0-05 Mild steel 
MGS/97 0-35 0-50 0.32 1-49 1-01 0-21 Ni-Cr steel 
MGS/182 0-04 0-75 | 06 0.24 21 Al0:005 FI20 
| 
MGS/275 0.23 0-47 | 030 0-01, 0 04, 0 005 0-19 0-01 0-00, 0-11 Mild steel SS11 
MGS/277 0-15 0-48 019 003 | 007, 0-04, 0-04, 0 06, 0-07, 0-06, Mild steel SS13 
MGS/279 0-19 0-48 6.19 0.18 0.10 0-05, 0-01 0-12, 0.005, 0-01, Mild steel SS16 
MGS /302 |}4ppm 2ppm | 2ppm il ppm Pure iron sponge 
MGS/304 | 0-602 0-01 0-43 0 02 0-02 0-02 Swedish iron (remelted with | 
ferrosilicon addition) 
MGS 305 80 18-0 0-5 18-8 stainless steel (trace 
cobalt type) | 
MGS/310 6 02 0-25 4-10 0.20 0-46 0-01 0-11 0-004 Low-alloy steel BCS/252 
MGS,/311 1-21 0-13 0.18 2:34 0-36 0-23 0-012 Low-alloy steel BCS 256 
The method was next applied to a variety of APPENDIX 


steelmaking ferro-alloys and raw materials, and the 
results obtained are shown in Table IIT. 

The ferrotitanium and ferroniobium alloys re- 
quired a modified decomposition treatment and this 
is detailed in the notes to the method (see Appendix). 
High-carbon ferro—chrome may also require a modified 
solution treatment. Apart from these, no other changes 
were found necessary in applying the method to the 
materials specified. 

An independent confirmation of the accuracy of the 
recommended method is provided by Table IV 
which compares the results on a series of low:alloy 
British Chemical Standard steels obtained using the 
recommended method with those obtained by Smales 
et al.® using a radioactivation technique. 


CONCLUSIONS 

The method recommended as a result of this 
investigation is satisfactory for the determination of 
traces of cobalt (O-0-04°,) in a wide range of iron and 
steels and also for the ferro-alloys of manganese, 
titanium, niobium and chromium, chromium metal, 
nickel, and iron ore. The reproducibility of the 
method is within + 0-001% up to 0-01% cobalt and 

0-002°, up to 0-04% cobalt. 

The method has been recommended for adoption as 
a British Standard. 
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Recommended method 

Reagents required 

Ferric chloride—Dissolve 0-5 g of pure iron in 20 ml 
of hydrochloric acid (sp.gr. 1-16—-1-18) oxidize 
nitric acid (sp.gr. 1-42), cool, and dilute to 100 ml. 

Hydrochloric acid (10% v/v)—-Dilute 100 ml of hydro- 
chloric acid (sp.gr. 1-16—1-18) to 11. 

Nitric acid (50% v/v)—Dilute 500 ml of 
(sp.gr. 1-42) to 11. 

a nitroso B naphthol—Dissolve 1g of a nitroso B 
naphthol in 15 ml glacial acetic acid. Filter before use. 

Nitroso—R-salt (0-3% w/v)—Dissolve 0-3 g of nitroso- 
R-salt in water and dilute to 100 ml. 

Phosphoric—sulphuric acid (15/15% v/v)—To 600 ml 
of water add 150 ml phosphoric acid (sp.gr. 1-75) and 
150 ml of sulphuric acid (sp.gr. 1-84). Cool and dilute to 
ie 

Sodium acetate (50% w/v)—Dissolve 500g of sodium 
acetate (CH,.COONa.3H,0) in water and dilute to 1 1. 
Add 50g of finely powdered 
zine oxide to 200 ml of water and stir or shake until a 
smooth cream is obtained. The suspension should be 
stirred immediately before use and also between addi- 
tions during use. 


with 


nitric acid 


mw: ° 
Zine oxide 8USPENStON 


Procedure 

Weigh 2-5¢g of sample (Note 1) and transfer to a 
650-ml conical beaker, dissolve in 20 ml hydrochloric 
acid (sp.gr. 1-16-1-18) (Note 2) and oxidize 
minimum amount of nitric acid (sp.gr. 1-42). 
to about 10 ml. 
about 300 ml. 

Add zine oxide suspension in small amounts with inter- 
mittent shaking until the solution is neutralized and a 
taint permanent precipitate of won group hydroxides is 
obtained (Note 3). Then make a final addition of 10 ml of 
zinc oxide suspension to ensure the complete precipitation 
of these hydroxides (Note 4). Transfer to a 500-ml 
graduated flask, dilute to the mark with water, mix and 
allow to stand for 5 min. 

Filter through a dry fluted 24-cm Whatman No. 541 
paper and after discarding the first few ml of the clear 
filtrate, collect a 250-ml aliquot. Transfer to a 650-ml 


with a 
Evaporate 
Add 30 ml of water, cool, and dilute to 
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COBALT 239 


TABLE Il 
Determination of cobalt in a series of iron and steel samples using the recommended method 














f ae _ - 
j Cobalt, %, | 
Analyst 
MGS 64 MGS, 97 MGS, 182 MGS/275 MGS 277 MGS 279 MGS 302 MGS 304 MGS 305 MGS 310 MGS 311 

| 1 0-012, 0-018, 0-027, 0 013, 0-023 0-026, 0 001 0.003, 0 004, 0 042 0 032, 
2 0-011, 0-017, 0-027, 0-012, 0-020 0 001 0-003, 0-003, 0 040 0-031, 

3 0-011, 0-016, 0-027, 0-011, 0.020 0 026, n.d. 0.003, 0-002, 0 041 0-031, 

4 0-012, 0-019, 0 026, 0 013, 0-021 0-027, 0 001 0 003, 0 003, 0 040 0 032, 
| 5 0-010, 0-016, 0-025 0-013 0-019 0 024 0.001 0 002, 0.037 0 029 
| 6 0-012, 0-017 0 027 0-013, 0-021 0-027, 0 001 0 003, 0-003, 0 040 0 O31, 
| 7 0 011, 0-016, 0 026, 0-013, 0-021 0-027, 0-001 0-003, 0 003 0-038 0-029, 

8 0-011, 0-017, 0 027, 0-013, 0-021 0 027, 0 001 0 003, 0 003 0 040 0 031 
| 9 0-011, 0-016, 0 026, 0-012, 0-020 0-026, n.d, 0-003, 0 002, 0.038 0 031 
| 10 0-011, 0 016, 0 026, 0-013, 0-021 0 028, 0 001 0 003, 0 003, 0 040 0 029, 
| il 0 011, 0-017, 0 026, 0-012, 0-021 0-026, 0-001 0 003, 0 002, 0.039, 0 030 
| Average 0-011, 0-017, 0-026, 0-012, 0-021 0-027, 0.001 0 003, 0 003, 0 040 0 031, 


Range 0-010-0 012 0: 016-0-019 0.025 0-027 0 011-0 013, 0019-0 023 0024-0 -026 0 003-0 003, 0 002,09 004.0 037 0 042 0029-0 032 





n.d. not detected 


conical beaker, add 10 ml of hydrochloric acid (sp.gr. graduated flask, dilute to the mark with water and mix 
1-16—1-18) and 1 ml of ferric chloride solution and heat thoroughly. 
to boiling. Remove from the source of heat and add 15 ml Transfer two 10-ml aliquots A and £& into 50-ml 


graduated flasks and continue as described below. It is 
recommended that all additions are 


of freshly pre pared a nitroso B naphthol solution, add a 
little paper pulp. Stand for 3 h or preferably overnight. 
Filter through a paper pulp pad, wash three times with — or pipettes. 
hydrochloric acid (10°) and finally three times with T'est Add 
cold water. Transfer the filter and contents toa platinum (0-3%) mix and add 10 ml of sodium acetate 
dish, carefully dry the paper and ignite to the oxide. (50%). Mix well and stand for 5 min at room tempera 
Dissolve the residue with 10 ml of hydrochloric acid ture. Add 10 ml of nitric acid (50%), mix well and stand 
(sp.gr. 1-16-1-18), add 5 ml phosphoric-sulphuric acid for a further 5 min at room temperature. Dilute to 
(15/15%) and evaporate to fumes. Cool and add 5mlof 50 ml with water. 
Heat to boiling, cool and transter to a 25-ml 


made from burettes 


solution 10 ml nitroso R salt solution 


solution 

















water. Compensating solution—Add 10 ml of sodium acetate 
TABLE III 
Determination of cobalt in a selection of steelmaking materials 

—_ aiid 
Cobalt, 
| 
| MGS/83 MGS /283 MGS 314 MGS 321 MGS 322 MGS/324 MGS, 328 MGS 329 
Analyst i _ 
phen manguneee ee ferrochrome Mond nickel Hematite iron Ferro niobium PP onl 
| 76 78 Mn 70°, Cr 38 39 ri 
} 1 0 006 0-026 0.001 0-047 0.001 0 006 0-003 0 019 
2 0.025 0 003 0 018 

3 0.006 0-023 0-047 0-001 6 006 0 002 0 017 

4 0-006 0-025 0-001 0 044 0-002 0-006 0-003 6-020 

5 0 006 0-001 0 045 0 006 0-002 0-017 

6 0-005 0-025 n.d. 0-045 0-001 0 006 0 003 0-019 

7 0 005 0.025 0-001 0 043 0.001 0 006 06 003 0.6019 

8 0 006 0 024 0 001 0-044 0 001 0-006 0 003 0.019 

9 0 005 0-024 0-001 0-045 0-001 0 006 6 003 0-019 
| 10 0-005 0.023 n.d, 0.044 0-001 0 005 0-003 0 019 
| il 0.005 0 025 0 001 0-043 0-001 0 006 0 003 0.019 
| Average 0-005, 0-025 0 001 0-045 < 0-001 0 006 0-003 0-019 
Range 0005-0 006 0023-0026 0 043-0 047 0-001-0-002  0-005-0-006 9 002-0 003 0017-0 -020 

eS ee as a n.d, = not detected - 
MARCH, 1959 JOURNAL OF THE IRON AND STEEL INSTITUTE 


JTOSEFSSON #7’ 


{/,-REI)SHORTNESS IN STHPEI oat 








240) JOSEFSSON ET AL 


TABLE IV 


Comparison of results by the recommended method with 
radioactivation results obtained by Smales* 





Cobalt, 


Sample no. 


Recommended Radioactivation 


method Smales 
BCS 252 0 040 0.043 

o 253 0 032 0.031 

+» 254 0-029 0 027 

»» 255 0-020 0 019 

» 256 0 031 0.031 

oo 257 0.023 0 623 

258 0.029 0 028 | 


solution (50%), 10 ml of nitrie acid (50°,), and dilute to 
50 ml with water 
Measure the optical density of each solution at a 


wavelength in the range 560-580 my. If a filter photo 
meter of the balanced two-cell type is used, the filter 
combination should contorm as closely as possible to the 


above waveband. The following conditions have been 
found suitable: mercury-vapour lamp; Kodak 5, [ford 
605. or Wratten 74 filters used together with H503 


filters; 2- or 4-cm cells 


Determine the blank value of the reavents concurrent 


ly with the test determination and make the appropriate 
correction. 


Calibration 

Standard cobalt solution A-—Dissolve 0-1 g of pure 

cobalt sheet in 10 ml of nitric acid (50°) and dilute to 11 
Standard cobalt solutions B-—Dilute 100 ml of solution 

{to Ll. I ml of this solution contains 0-01 mg cobalt 
Transfer ten lots of cobalt-free 

to 250-ml conical 


I ml 
beakers and 


o-my ron (Le. 


ferric chloride solut ion) 


add 0-Oml, 2-5 ml. 5-O ml, 10-0 ml. 12-5 ml, 15-0 ml, 
17-5 ml, 20-Oml. and 22-5ml of standard cobalt 
solution B. Add Siml of phosphorice-sulphuric acid 
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(15/15%,) oxidize with | drop of nitric acid (sp.gr. 1-42), 
evaporate to fumes and proceed as described in the pro 
cedure. Prepare a calibration graph 
4-em cell range 0—0-02°, Co 
2-cm cell range 0—0-04°, Co 
Notes 

1. Samples should — be 
cutting tools 


 & (a) 


prepared with cobalt-free 
For ferro-titanium dissolve the sample in a 
mixture of 20 ml of sulphuric acid (50% v/v), 10 ml of 
hydroc hlorie acid (sp.gr 1-16—-1-18), and 
nitric acid (sp.gr. 1-42). When solvent 
evaporate to fuming, cool, and redissolve the sulphates 
with 30 ml of water. Add a few drops of 
(sp.gr. 1-42) and boil. Cool, dilute to 300 ml. 
as from paragraph 2 of the procedure. 


) 
5ml of 
action ceases, 
nitric acid 
Continue 


(6) Yor ferroniobium transfer the weighed sample to 
a platinum dish, provided with a cover. Add 10 ml 
of hydrofluoric acid and make dropwise additions of 
nitric acid (sp.gr. 1-42) until the sample is dissolved. 
Add 30 ml of sulphurie acid (50°, v/v) and evaporate to 
Cool, transfer to a 650-ml 
10 ml of hydrochlori (sp.gr. 


fuming to expel fluorides. 


conical beaker, add acid 


1-16—-1-18), dilute to 300 ml and boil to dissolve soluble 
salts. Cool, and continue as from paragraph 2 of the 
procedure. 

(c) For high-carbon ferrochrome dissolve the sample 


as far as possible by digestion with 30 ml of sulphuri 
acid Then add 15 ml of hydrochloric 
(sp.gr. 1-16—-1-18) and heat until solvent action 
Evaporate to incipient fuming, cool, and dilute with 
30 ml of water. Boil and oxidize with nitric acid (sp.gt 
1-42). Boil to remove nitrous fumes and dilute to 300 ml. 
Continue from paragraph 2 of the procedure. 

3. Cool 
tinal addition of zine oxide 


(50% v/v). acid 


ceases 


the solution if necessary before making the 

4. Complete neutralization is indicated by a definite 
change from a clear, dark-coloured solution to a turbid 
brown solution due to the precipitation of hydroxides 
The addition of 10 ml excess of the zinc oxide suspension 
causes the brown precipitate to appear lighter in colour 
and the 


appearance. 


supernatant liquid assumes a = milky-white 





The influence of sulphur and oxygen 


in causing red-shortness in steel 


By A. Josefsson, J. Koeneman, and G. Lagerberg 


SYNOPSIS 


The influence of thermal history on red-shortness in steels con 
taining 0 -02-0-08°.S 0-01-0-099. Mn. and high carbon contents 
Sulphur 
ways: (a) by 
hardening the austenite, and (b) by forming intergranular sulphide 


(up to 0-8°..C) was studied by means of impact-testing 


was found to cause red-shortness in two distinct 
precipitates. Both phenomena lead to intercrystalline fracture and 
one or both may be eliminated by 
strated for a steel with 0-076°,S 


heat-treatment. as is demon- 
Manganese counteracts red- 
shortness by (a) reducing the sulphur solubility in austenite and 
hence its hardening potentiality, and (b) by preventing the formation 
of embrittling grain-boundary sulphides. Tests with iron low in 
© indicated 


1543 


sulphur and manganese and containing up to 0-035 


that oxvgen alone does not induce red-shortness 
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INTRODUCTION 
BY RED-SHORTNESS IN STEEL 18s meant a te ndency to 
brittle fracture during hot-working at temperatures 


round 900° C. This phenomenon has long been 
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attributed to sulphur. Oxygen has often been con- 
sidered to exert a similar influence or at least to 
enhance the effect of sulphur. It is well known that 
manganese counteracts red-shortness. 

According to a common explanation red-shortness 
results from intergranular sulphide films which reduce 
the cohesion at grain boundaries. Reference is often 
made to the low eutectic temperature of the Fe-S 
system (988° C).! However, since there is no obvious 
change in the brittle behaviour at this temperature 
the liquid state of the films cannot be decisive in 
causing the brittleness. 

Manganese is assumed to counteract red-shortness 
by raising the solidification temperature for the 
sulphide melt? thus decreasing the tendency to liquid 
film formation. 

At relatively high sulphur and low 
contents, more or less continuous networks of sulphide 
outlining the austenite grain boundaries may be 
observed in the microstructure.* However, the 
brittleness may still be pronounced, even when the 
sulphur content is so low that films are absent 
Hence, it appears that the film theory does not 
provide a sufficient explanation for the red-shortness 
phenomenon. 

Oxygen is sometimes supposed to contribute to 
red-shortness by means of its lowering the eutectic 
temperature. The formation of oxide inclusions 
containing manyanese has also been considered. This 
process would neutralize the counteracting effect of 
manganese and render the steel more red-short.? 

Previous investigations®-' have dealt mainly with 
the dependence of red-shortness on the sulphur and 
oxygen contents versus manganese. In manganese- 
free steels red-shortness was not observed below 
0-010°%8° 8 but was pronounced at 0-020%S.5 % 
These steels contained considerable amounts of oxygen. 


manganese 


Hultgren and Herrlander,! however, found red- 
shortness cracks at a sulphur content as low as 
0-008%. These cracks occurred not only upon 


-range but also when the deforma- 
tion was made well below Acs. In this case they 
seemed to follow ferrite grain boundaries. It was 
suggested that the harmful sulphur could be present 
in solid solution or as a submicroscopic precipitate 
of sulphide. Anderson ef al.® found that the con- 
centration of manganese necessary to prevent red- 
shortness, at probably low oxygen levels, could be 
represented by the empirical formula 


(% Mn) 1 -25(%S) 


deforming in the ; 


0-03. 

Kalling’ pointed out that the thermal history had 
a marked influence on red-shortness; the brittleness 
was more pronounced after cooling from a_ high 
temperature to the testing temperature than after 
direct heating to the latter. 

Some of the discrepancies that can be found in the 
red-shortness literature are probably due to differing 
testing methods. In the forging test often used, the 
reproducibility of the experimental conditions depends 
on the skill and judgment of the experimenter. In 
this test the sample is usually heated to some high 
temperature (e.g. 1 L00-1 130°C * *) and allowed to 
cool while being repeatedly bent 90° over an anvil 
by means of rapid strokes with a hammer. Fracture 
occurs when the temperature reaches the * red-short 
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Fig. 1 Part of Fe-S phase diagram including solubility 


curves for sulphur in austenite with 1.30, 1-07, 0.37, 
and 0.09°°Mn. The curve for 0-09°.Mn_ is 
computed from data given in ref. 12, assuming 
equilibrium with pure MnS 


In some cases more well defined 
Thus Fell 
used Charpy impact tests in the pertinent temperature 
range the results of which agreed well with forging 
Anderson et al.® performed torsion tests at high 
temperatures and used the number of revolutions 
before fracture as a measure of the degree of red 
shortness. One may object that in this case not only 
red-shortness but also a local deformation caused by 


temperature range 
testing conditions have been attempted 


tests. 


some inhomogeneity or a low degree of strain harden- 
ing may result in a low number of revolutions.23 A 
special red-shortness test was suggested by Gérrissen'® 
according to which a notch was pressed into the 
sample at red heat and then widened with a specia| 
tool at 800° C. The degree of red-shortness was judged 
by observing the cracks at the bottom of the notch 
This rather complicated procedure hardly looks 
promising for well defined testing conditions 

For the study of red-shortness the phase diagrams 
may serve as a theoretical background. The svstem 
Fe-—S has been investigated by Rosenqvist and Dunicz! 
and by Turkdogan, Ignatowicz, and Pearson.!? The 
latter authors also studied the influence of manganese 
on the solubility of sulphur in austenite. Figure | 
shows the relevant part of the Fe-S diagram and also 
solubility curves for sulphur in austenite with 1-30, 
1-07, and 0-37°%4Mn according to these investigations, 
A solubility curve at 0-09°,Mn based on thermo- 
dynamic data!* is also included.* 

The Fe—O system was previously considered to be 
of a type similar to Fe-S as regards the solubilities 
in a- and y-iron. Hence, the solubility has been 
reported to be 0-03°, in a-iron immediately below 
the Ac, transformation point!* and 0-002% in the 
y-range independent of temperature.'* These results 
have been questioned on thermodynamic grounds,!® 
however, and recent investigations by Sifferlen!® 7 
indicate that the oxygen solubility tends to become 
zero with increasing purity and lattice perfection of the 
metal. The previous results then should have been 
due to oxygen bound to impurity atoms, e.g. silicon 
or manganese, and at grain boundaries and other 





* In computing this solubility, equilibrium with pure 
MnS has been assumed. At low manganese contents this 
is not quite correct, however, as then the sulphide phase 
will contain iron which decreases the activity 
{ Mns}. Hence, the solubility would be somewhat lower 
than indicated in Fig. 1. On the other 
ganese content of the austenite« 
is precipitated. 


some 


hand, the man 
is reduced as sulphide 
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TABLE I 
Composition of steels, °% 
pecemneseinaaitiia saat -_ ieee 
| Steel Cc Mn S oO 
K2% 0-65 0-01 0-029 0 004 
| K297 054 | 0-007 0-034 0-005 | 
| K300 059 | 000° 0-635 | 0-010 Vacuum-melted in a 
15-kg induction 
K301 0-66 0-01 0-075 0-009 = furnace 
K314 0-75 0-01 0-076 0-005 | 
| 
K3i1 0-84 0-09 0 057 0-002 
| D43262 0.02 0.09 0 022 0-047 Ordinary rimmed 
| steel 
| X32! 001 0-08 0-030 0-132 Melted in a 50-kg 
| 


lattice defects. Thus, the true oxygen solubility would 


be below the working range of ordinary methods of 


analysis. 

Of the Fe-S—O system only the liquidus part has 
been investigated. According to Hilty and Crafts!* 
this system has a ternary eutectic at 920° C and at 
67% Fe, 24°%8, and 9%0. These authors have also 
studied the effect of manganese on the Fe-S—O 
system.!* 

Keh and Van Vlack* made a careful study of the 
morphology of sulphides as a function of heat- 
treatment and of the modifications imposed by 
manganese and oxygen in this respect. 

The object of the present investigation was to 
obtain more information on the influence of various 
factors on red-shortness, in particular the thermal 
history, in an attempt to establish the mechanism of 
embrittlement. It was considered important to 
distinguish between the effects of sulphur and oxygen 
more clearly than in previous investigations. 


EXPERIMENTAL DETAILS 

Most steels used in this investigation were vacuum- 
melted in a 15-kg induction furnace capable of a 
vacuum of about 2 mm Hg. The raw materials 
consisted of electrolytic iron, graphite, iron sulphide, 
and electrolytic manganese. The oxygen of the melts 
was largely removed by means of carbon additions 
and the carbon contents of the steels prepared in this 
way were consequently high. Two low-carbon steels 
were also investigated, one of which was an ordinary 
rimmed steel, and the other melted in a 50-kg induc- 
tion furnace. The influence of oxygen on red-shortness 
was studied on bars forged from an electrolytic iron 
cathode with low sulphur content. All test materials 
were forged to bars 7 mm 15mm. Steels high in 
sulphur were forged either above or below the red- 
shortness range. 

Results of chemical analysis of carbon, manganese, 
sulphur, and oxygen for the different melts are given 
in Table I. The amounts of other elements should be 
about the same as in the electrolytic iron used, namely 

Si Co Zn Mn, Cu, Cr, Al, As, P 
0-003 0-005 0-002-0-040 0-001 

The degree of red-shortness was determined by 
means of impact testing in a device shown in Fig. 2. 
The specimen was in the shape of a rectangular bar 
7 mm x 15 mm x 65 mm with no notches. After 
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Edge(radius 3mm) 


Specimen 


}e—Support 
_—_ 





Fig. 2 


Device for impact testing 
heat-treatment it was rapidly taken out of the furnace 
and placed on its narrowest side on two supports 
50 mm apart. An impact weight with an edge was 
then immediately released and hit the specimen in 
the middle of its length with an impact energy of 
16 kg-m.* The weight came to a dead stop in a posi- 
tion corresponding to a bending angle of the specimen 
of about 70°. Immediately upon testing the specimen 
was usually quenched in brine and a section was 
prepared for metallographic inspection. 

The degree of brittleness was judged from the 
appearance of the fracture according to a 6-graded 
scale shown in Fig. 3. The energy absorption was not 
measured. Prolonged heat-treatments were carried 
out in argon to prevent excessive oxidation or de- 
carburization. 


RESULTS 
Effect of thermal history on red-shortness 
In preliminary tests some steels proved to be com. 
pletely ductile in impact testing whereas forging tests 
revealed pronounced brittleness. This discrepancy 
was found to be caused by differences in the heat- 
treatments employed in the respective methods. In 





* The temperature decrease from taking out of thé 
furnace to the instant of deformation was measured in 
a few single cases and amounted to about 5°C. The 
testing temperatures given have not been corrected for 
this decrease. 


Fig. 3--Scale for judging red-shortness 
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TABLE II 


Ts, as a function of cooling rate and testing temperature 


j 
| Fna,.° C | 


Cooling T,-T,* 
A B 2 


1 300 
1 300 
1 300 


1 250 
1 250 
1150) 


1 200 
1150 
1 200 
0 034 1 300 
1 200 
1150 


1100 
1100 
1100 


1100 
1100 
1100 
0 035 1 250 
900 1 200 

1050 


1150 
1100 
1050 


1100 
1050 
1050 
K301 0 075 850 1 200 


1050 1050 


Rapid transfer of the specimen from a furnace at temperature 
lr. to a furnace at temperature T; where the specimen was held 
for 4 min (length of time sufficient for equilibration of tempera- 
ture) before testing 

. Cooling in air from T, to T;. 
with an optical pyrometer 
Quenching from T, in a lead pot at T; where the specimen was 
held for 5 s (length of time sufficient for equilibration of tem- 
perature) before testing 


Temperature decrease was followed 


impact testing the specimen was brought directly to 
the testing temperature (S00 1 000° C) while in the 
forging test it was heated to a relatively high tempera- 
ture (1100-1 200°C) and then air-cooled to the 
testing temperature (1 000-900° C). As the different 
heat-treatments were likely to result in different states 
as regards sulphide precipitation a series of tests were 
carried out in which specimens were solution-treated 
at a high temperature T’, and then cooled at different 
rates to the testing temperature T, (950-850° C). For 
each cooling rate and testing temperature different 
solution temperatures were tried. The tendency to 
red-shortness proved to increase as the solution tem- 
perature 'T’, was raised. To get a complete fracture 
in testing (grade 5 according to the scale) the solution 


Fig. 4—Steel K300 (0-035°,,S). Heated to 1 250°C for 
15 min, then transferred to a furnace at 850° C and 
held for 4 min before testing. Cracks along grain 
boundaries x 1500 
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rABLE Ill 


Red-shortness as a function of time at testing tempera- 
ture, steel K296 (0.029°,,S) quenched from T;, in lead 
at 950° C 


Red-shortness grade 


| Time at 950 C 
1300 ¢ 
15 min 


1200 ¢ 
30 min 


1150 ¢ 
45 min 


5s 
1 min 
4 


10 


temperature had to be raised above a certain minimum 


value T.. which varied between 1 050° and 1 300° C 
according to cooling 
sulphur content 
larger should be range permissible 
for hot-working. ‘Table Il presents the Ty, 
obtained at different cooling rates and testing tem 
peratures for steels with different sulphur contents 
The T,; values are believed to be 

eo 4. 

As is evident from Table Il 
increases in cooling rate, testing 
(950-850° C), and sulphur content. 

$y microscopic examination it was found that cracks 
usually followed austenite grain boundaries as shown 
in Fig. 4. Iron sulphide (troilite) was present as 
lenticularly shaped particles at the grain boundaries 
or as round droplets within the grains. ‘he amount 
of sulphide increased with the sulphur content. Heat- 
treatment seemed to have no effect on the amount 
or the morphology of the sulphides. The austenitic 
grain size varied with T, from ASTM 8 at 1050°C 
to ASTM 1 above 1 100° C.* 


and 
steel the 


rate, testing temperature 
The higher T,, is for a 
the temper ture 


values 


accurate within 


with 
temperature T; 


Tos dec reases 


Red-shortness when attaining equilibrium solubility at 
the testing temperature 

The results cited, in particular the increased ten- 
dency to red-shortness with increased solution tem- 
perature, suggests that red-shortness is caused by 
sulphur in supersaturated solid solution in the 
austenite or possibly as a finely dispersed precipitate, 
as suggested by Hultgren and Herrlander.!" Both of 
these distributions are likely to harden the y-grains. 
In order to reduce the supersaturation and/or get 
larger and therefore less hardening sulphides, various 
test were performed, involving isothermal] 
precipitation of sulphide at temperature T, as well 
as furnace-cooling from T, to T,. 

Spe imens of steel K2906 with 0-029 OS were heated 
to different solution temperatures T, and held for a 
certain length of time: to account 
temperature dependenc 


series 


somewhat for the 
of the sulphur diffusivity 
the lower the temperature, the longer was the time 


* The reported grain sizes were determined according 
to the JKM scale and converted to the ASTM scale by 


the relation JKM ASTM 17 
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7 
Fig. 5—Steel K297 (0-034%S). Furnace-cooled from 
1 150° to 950° C, 8° C/h. Sulphide particles at grain 
boundary 800 
chosen. After this they were ‘quenched’ in a 


lead pot at 950°C and subjected to impact testing 
after various lengths of time at this temperature. 
The results are presented in Table III. There is a 
decrease in brittleness (after 5 s at 950°C) as Ty is 
lowered. There is also a definite return of ductility 
during the isothermal treatment at the testing tem- 
perature which was assumed to be due to the sulphur 
heing transferred from solid solution, or from finely 
dispersed sulphide particles, into larger sulphide 
particles. 

$y microscopic examination it was found that the 
total amount of visible sulphide decreased as the 
solution temperature T, was raised. Upon quenching 
from 1 300°C and holding for 5 s at 950° C, small 
sulphide inclusions that probably mainly represented 
sulphide melt undissolved at 1 300°C were still 
detected, however. After 2 h at 950° C the particles 
seemed to have increased somewhat in size and 
number. In the other instances the isothermal treat- 
ment seemed to have no influence in these respects. 

Treatments similar to those presented in Table II] 
were also performed on steels with higher sulphur 
contents (K300 and K301 with 0-035°% and 0-075°%S 
respectively). Although a slight decrease in the degree 
of red-shortness was noted, in a few cases isothermal] 
treatment failed to restore the ductility for these 
steels Slow cooling from T, to T, proved to be 
equally ineffective. In all instances the austenitic 
grain boundaries were found to be fairly well delineated 
by lenticular sulphides as in Fig. 5 and also as more 
or less continuous films (in K301 with 0-075°%S). 

It was thought that these grain-boundary precipi- 
tates were responsible for the residual red-shortness. 
Hence, by a heat-treatment precluding not only the 
supersaturation of the metal by sulphur but also the 
formation of grain-boundary precipitates it should be 
possible to remove red-shortness also in steels with 
high sulphur contents. With this line of thought the 
following experiments were made. 
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TABLE IV 


Red-shortness as a function of time at testing tempera- 
ture, steel K314 (0-076°%,S) brine-quenched from 
1 300°C for 15 min 


———_——_— 





Red-shortness grade 


| Time at 960 C 
| A. 


Direct heating to B. Furnace cooling 
to 960 C from 1150° to 960° C 
0 4 
10 min 5 
lh 3 3-5 
4 2 3-5 
24, 0 a 
72 0 3-5 
144 ,, 3-5 


Specimens of steel K314 (0-076%8) were brine- 
quenched from 1 300°C and then divided into two 


series, A and B. The specimens of series A were 
heated to the testing temperature 960° C whereas 
those of series B were furnace-cooled from 1 150° ¢ 


to the same testing temperature. In both series impact 
testing was performed after various lengths of time at 
the testing temperature. The results are given in 
Table IV. As is evident the brittleness is initially 
more pronounced in series A but has completely 
disappeared after one day at 960° C. In series B the 
brittleness remains about the same even after 6 days 
at 960°C. 1 
were made. 

Series A After 10 min at 960° ( sulphide occurred 
as equiaxed rounded particles within the austenite 
grains and as more or less continuous films at austenite 
grain boundaries (Fig. 6). These films were thought 
to represent grain-boundary melt undissolved at the 
1300° C treatment. After 1 h at 960°C the films 
had partly transformed to rows of lenticularly shaped 


The following microscopic observations 


Fig. 6—Steel K314 (0-076°,S). Brine-quenched from 
1 300° C, heated to 960° C for 10 min and quenched 
series A). Sulphide at grain boundaries 800 
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Fig. 7—Steel K314 (0-076%S). Brine-quenched from 
1 300 C, heated to 950°C for 4 h and quenched 
series A). Partly spheroidized sulphide at grain 
boundaries 800 


particles. This was still more marked after 4)h, for 
which treatment the typical structure is shown in 
Fig. 7. In this case also a few tiny particles may be 
seen in the matrix. After 1 day at 960°C (Fig. 3), 
the grain-boundary sulphide films had spheroidized 
to an extent that grain-boundary networks were only 
vaguely indicated. A finely dispersed precipitate had 
formed in the matrix and was identified as iron 
sulphide by means of polarized light. On continued 
treatment the fine precipitate coalesced into coarser 
particles and it was no longer possible to observe any 
sulphide network. The austenitic grain size was about 
ASTM 7, seemingly independent of holding time at 
960° C. Cracks usually followed the much coarser 
network initially marked by the undissolved sulphide 


Fig. 8—Steel K314 (0-.076%,S). Brine-quenched from 
1 300° C, heated to 960°C for 24 h and quenched 
(series A). Irregularly shaped sulphide particles 
at grain boundaries. Finely dispersed sulphide 
precipitate in the austenite matrix x 800 
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Fig. 9 Steel K314 0-076°,S). Brine-quenched from 
1 300° C, furnace-cooled from 1 150° to 960° C, held 
at 960° C for 72 h and quenched (series B). Coarse 
sulphide particles at grain boundaries 800 


films which corresponded to the grain size of about 
ASTM I developed at 1 300° ( Obviously the latest 
stage of the return of ductility according to Table I\ 
is linked to the disappearance of these sulphide 
films. 

Series B—In all specimens coarse sulphide particles 
were present at austenite grain boundaries and seemed 
to be unaffected by prolonged holding at 960° C (see 
Fig. 9). No precipitate within the grains was visible. 
The austenitic grain size, here developed at 1 150° ( 
was about ASTM 3 

The results according to series A demonstrate that 
red-shortness can be removed by heat-treatment also 
at relatively high sulphur contents. The decrease in 
brittleness observed during the first 4 h (from 
grades 5 to 2) is probably largely due to sulphide 
precipitation or within the austenite 
grains since the sulphide films still remain fairly 
unchanged. The complete removal of red-shortness, 
however, is only achieved at a later stage when the 
tilms have disappeared. In series B spheroidization is 
hardly noticeable because the sulphides here aré 
much coarser and almost entirely located at grain 
boundaries, which is believed to cause the brittleness 
in this case. 


coalescence 


Effect of manganese on red-shortness induced by 
sulphur 

To find out how red-shortness responded to heat- 
treatments in the presence of manganese, two steels 
with 0-09°%,.Mn were investigated. One of these, 
D43262, was an ordinary rimmed low-carbon steel 
with 0-022%S, the other, K311, was vacuum-melted 
with a high carbon content like the steels previously 
described and contained 0-057°/S (ef. Table I) 

Steel D43262 was subjected to similar cooling treat- 
ments as those recorded in Table I]. Also in this case 
there existed a minimum solution temperature T,, 
from which the specimen had to cool in order to 
display complete fracture (grade 5) at the testing 
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TABLE V 


Red-shortness as a function of time at testing tempera- 
ture, steel K311 (0.057°,,S-0-09°,Mn) quenched from 
Ts in lead at 950° C 


RED-SHORTNESS IN STEEL 


TABLE VI 


Red-shortness as a function of time at testing tem- 
perature, steel K311 (0-057°,S-0-09°.Mn) brine- 





Red-shortness grade 





Time at 950° C - ——- . ree | 
1 300° C, 15 min 1200°C, 15 min | 
sone 
5s 5 1-5 | 
16 x 4 1 
j 1 min 5 i | 
4» 5 i | 
10 ,, 5 | 
30, 5 | 
ih 4 | 
| 
Pid 3 
| 








temperature T;. At T; 950° C and for different 
cooling rates the following T,, values were obtained: 


Transfer to a box furnace (cooling 


rate A, Table IT) Tas 1 250° C 
Air cooling (cooling rate B, Table IT) ‘Tn 1 200°C 
Lead quenching (cooling rate C, 

Table Il) T ss 1150°C 


Also here T,, decreased with increasing rate of 
cooling. Comparison with the results of Table | 
indicates, however, that the manganese does not 
affect the red-shortness very much in the present case. 
Presumably, because of the high oxygen content 
(0-047°%,0O) much of the manganese is tied up in 
(Fe,Mn)O slag inclusions. 

With steel K311, the effect of isothermal treatment 
at the testing temperature was studied. Specimens 
were solution-treated at 1 300° and 1 200° C respec- 
tively and quenched in lead at T; = 950°C. The 
results are given in Table V. Quenching from 1 300° C 
resulted in complete fracture at 950° C for holding 
periods at the latter temperature shorter than 30 min. 
The brittleness then clearly decreased with time 
although periods longer than 2 h were not investigated. 
After quenching from 1 200° C the initial brittleness 
was only slight but also in this case a definite de- 
crease during the isothermal treatment was obvious. 

Under the microscope all specimens displayed 
rounded particles of MnS or duplex MnS—-FeS. Their 
shapes and distribution appeared to be unaffected by 
heat-treatment. The austenite grain size was about 
ASTM 1 in all instances. 

Test series like those recorded for K314 in Table IV, 
series A and B, were also carried out with K311 as 
shown in Table VI. Upon quenching from 1 300° C 
to room temperature and direct reheating to 960° C 
(series A) red-shortness was fully developed after 
holding for a few minutes. However, it decreased 
rapidly and had disappeared completely after 5h. 
After furnace-cooling from 1 150° to 960° C (series B) 
the steel was fully ductile. 

Under the microscope, the appearance of the 
sulphide particles in these specimens did not differ 
noticeably from that reported for the specimens 
treated according to Table V. In particular, there 
was no excessive formation of grain-boundary 
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quenched from 1 300° C for 15 min 


Red-shortness grade 











ae ae A. Direct heating B. Furnace cooling 
to 960 C from 1150 to 960° C 
0 0 
3 min 5 
6 w» 4 
10 ,, 1-5 
lh 1 
5 wn 0 
| 24 ,, 0 | 





sulphides upon furnace-cooling (series B) as was found 
for the manganese-free steel K314 in the corresponding 
treatment (cf. Fig. 9). The austenite grain size was 
ASTM 6 for series A and ASTM 3.5 for series B. 


Tendency to brittleness below Ac, 

To compare the tendency to red-shortness above 
and below the temperature of the y + a transforma- 
tion, impact tests were carried out on steel X321 with 
0-030%8 after heating for 5 min at different tempera- 
tures above and below Ac,. The results shown in 
Fig. 10 indicated that red-shortness almost 
entirely restricted to the y-range. 


was 


Embrittlement by oxygen 

To find out whether oxygen alone will cause red- 
shortness, test material was forged from an electro- 
lytic iron cathode with 0-004°%.S and subjected to 








Fig. 10-——-Fracture appearance of steel X321 (0-030°,S) 
upon impact-testing at temperatures above and 
below Ac, 
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TABLE 


RED-SHORTNESS IN STEEL 


Vil 


Red-shortness in iron containing oxygen 





| Mark X1 


| Pre-treatment Forged at 1100 C 


0 027-0 032 


»S 0 004 


Treatment before impact testing 


870 C, 10 min 0 
} aC. « 5 
7G « 5 
| 1000°C, ., 4 1 
1 2O66°C, « 0 
| 1250° C, 15 min quenched to 950° C, 3 
| 1 min 
| 1250°C, 15 min quenched to 950 C, 1 
10 min 
1 300° C, 10 min transferred to furnace 3 


at 950 C, 4 min 


1300 C, 10 min transferred to furnace 5 
| at 950 C, lh 





1. Annealing for 18 h in argon containing some moisture _ 2. 


impact testing after various pretreatments. Data for 
these treatments as well as testing results are presented 
in Table VII. 

Preliminary tests in the as-forged condition (iron 
X1, 0-027-0-032°,,0) were carried out upon cooling 
at various rates from different temperatures T, to the 
testing temperature T, where the specimens were 
isothermally treated for various lengths of time. In 
these experiments, not reported in Table VII, the 
degree of brittleness varied without consistent trends. 
Under the microscope the specimens displayed slag 
inclusions as rounded particles or films, the latter 
sometimes forming more or less continuous networks. 
The films probably consisted of oxide and possibly 
sulphide and were believed to originate from entrapped 
electrolyte or oxidized pores in the cathode material. 
3y a homogenization treatment at 1 300° C for 18 h 
during which the oxygen content remained sub- 
stantially unchanged (iron X2, 0-028°,O) the films 
and also the red-shortness disappeared almost com- 
pletely (cf. Table VII). Hence, it was supposed that 
the brittleness encountered in iron X1 was brought 
about by the films. 

The deoxidized iron Y1 with 0-0009°,O contained 
but a few non-metallic inclusions and proved to be 
ductile upon all treatments employed. Oxygen was 
then introduced by an oxidizing anneal at 1 300° C 
after which the material, now called Y2, contained 
0-035°,0. This material did not exhibit brittleness 
after any of the treatments given. In the microstruc- 
ture plenty of rounded and evenly distributed slag 
inclusions were present. 

Since the oxygen contents of irons X2 and Y2 
probably exceed the oxygen solubility in austenite by 
a factor of 10 or more!* 1% 17 it may be concluded 
that oxygen does not cause red-shortness at low 
sulphur contents, even in the absence of manganese. 
The brittleness observed with iron X1 is to be regarded 


MARCH, 1959 


JOSEFSSON ET AL. 


Test material forged from electrolytic iron cathodes low in sulphur and manganese 


As XI then oxidizing 
anneal at 1 300° C' 


Vacuum extraction 3. 


RED-SHORTNESS IN STEEL 


X2 yi y2 


As X1 then deoxidized at 
1200 C for 3 weeks in 
pure hydrogen 


As YI then oxidizing 
anneal at 1300 ©? 


0-028 0.0009 0 035 


0 004 


Red-shortness grade 


Solution treatment at 1300 © instead of 1250 (¢ 


as an abnormal phenomenon conditioned by the 
unusual method of preparation. 


DISCUSSION 
Deformation and fracture 

Deformation of metals occurs by means of regular 
slip (including twinning) and, at high temperature 
(closer to the melting point), also by viscous flow at 
The latter mechanism implies 
atomic diffusion and is favoured by low deformation 
rates. When flow 
grain boundaries are relaxed and, as the flow proceeds 
stress concentrations are created at certain * locked 
points at the boundaries, e.g. at corners 
The stress concentrations may cracks that 
spread along the grain boundaries. This type of inte: 
crystalline failure is common in metals at high tem 
peratures?’ and is likely to be favoured by a rise in 
the resistance to regular slip within the grains as well 
as by a decrease in the shear strength of 
boundaries. 

According to the interpretation of the present 
results previously indicated, both these effects are 
represented in the two different phenomena that 
singly or combined lead to red-shortness, namely 


grain boundaries. 


VISCOUS occurs shear stresses at 


edges or 


initiate 


grain 


i) Sulphur in solid solution or as finely dispersed 


precipitate in the austenite (likely to increase the 
resistance to regular slip) 
(ii) Sulphide precipitates at austenite grain boun 


daries (reduce the intergranular shear strength). 


As has been shown, both phenomena may be 
eliminated and the ductility restored by heat-treat 
ment. 

It might be argued that the deformation rate in 
the present testing method is high to allow 
significant grain-boundary flow. However, even a 
minute amount of such a flow is likely to cause stress 
concentrations capable of starting cracks. 


too 
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Hardening effect of. sulphur 

Sulphur, dissolved or as finely dispersed sulphide, 
is likely to increase the hardness of the austenite. It 
is not possible to tell which of these hardening effects 
is the pertinent one; they may both be effective in 
successive stages. The sulphur might also accomplish 
its hardening effect when existing in an intermediate 
stage. The fact that red-shortness is fully developed 
immediately upon quenching from a high temperature 
to the testing temperature (cf. Tables II-VI) favours 
the idea of solid-solution hardening. 

A rise in solution temperature would increase the 
amount of dissolved sulphur (see Fig. 1) and hence 
upon quenching to the testing temperature the hard- 
». the brittleness of the austenite, would also 
g. see Table I11). For a given degree of 
brittleness, e.g. grade 5, a minimum solution tempera- 
ture should then be required. 

The observation that the solution temperature 
required for red-shortness in grade 5, i.e. ‘T.;, is 
increased at slower cooling, as reported in Table ITI, 
may result from sulphide precipitation during cooling 
or coalescence of finely dispersed precipitate. The 
increase in T,,; at lowered testing temperature T; 
could be accounted for by a decrease in the supposed 
grain-boundary viscosity at lower Ty, which must be 
compensated for by more sulphur in solid solution. 


ness, 1.€ 


increase (e.g. 


Effect of grain-boundary sulphides 

At sulphur contents above 0-030%, slow cooling 
through the y-range results in a preferred precipitation 
of iron sulphide at the grain boundaries. Due to the 
low surface energy of liquid/y and FeS/y interfaces, 
as compared to the surface energy of a y/y grain 
boundary the precipitates will spread as more or less 
continuous films round the y-grains.* Obviously, above 
the eutectic temperature (988° C) these films cannot 
support a shear stress; it is also reasonable to assume 
that, at temperatures somewhat below the eutectic, 
the shear strength of the sulphide itself or of the 
FeS/y interface is considerably lower than the shear 
strength of a pure austenite grain boundary. °® 

According to Keh and Van Vlack* the dihedral 
angle of sulphide melt (above 988°C) or FeS in a 
y/y boundary decreases as the temperature increases. 
At 1 050° C the angle is about 30° whereas at 1 300° C 
it is 0 implying a tendency of the melt to envelop 
the austenite grains. Hence, a film formed at a high 
temperature will, upon a subsequent treatment at a 
lower temperature, break up into a row of lenticular 
particles. 

Figures 6-8 illustrate this effect obtained by iso- 
thermal treatment at 960° C upon a preceding quench 
from 1 300° C for steel K314 (cf. Table IV, series A).* 
This treatment has completely restored the ductility 
in spite of the high sulphur content (0-076%S) 
because: 

(i) Sulphur has been precipitated from the solid 
solution in particles large enough to reduce the 
hardness of the austenite to a harmless level 

ii) Embrittling grain-boundary sulphides have been 
spheroidized. 





* In this case some portions of the films are no longer 
located at grain boundaries owing to the y—~a-— y 
transformation. Spheroidization might then occur in 
these places regardless of a change in interfacial energy. 
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On the other hand, red-shortness in steel K314 is 
not removed when the isothermal treatment at 960° C 
is preceded by furnace cooling from 1 150°C (cf. 
Table IV, series B). In this case sulphide melt has 
precipitated at grain boundaries during the furnace 
cooling and subsequently transformed to coarse 
sulphide particles (Fig. 9). Prolonged treatment at 
960° C has not been effective in reducing the grain- 
boundary area occupied by sulphides and hence the 
red-shortness remains. 

Apart from visible particles, submicroscopic films 
or some other kind of sulphur enrichment at grain 
boundaries have been suggested as red- 
shortness. According to the autoradiographic studies 
by Keh and Van Vlack,? however distri- 
bution of sulphur is not likely 


causes of 


such a 


Effect of manganese 

Manganese seems to counteract red-shortness in 
two ways: 

(i) By lowering the solubility of swiphur in austenite 
(cf. Fig. 1) which reduces the possibility of 
hardening 

(ii) By increasing the interfacial energy between 
sulphide and austenite* so that discrete particles 
rather than continuous grain-boundary films are 
formed. 

Thus both the embrittling mechanisms that are 
attributed to sulphur are neutralized. The effect of 
manganese in lowering the sulphur solubility may be 
compensated for by raising the solution temperature 
(cf. Fig. 1). Accordingly steel K311 with 0-057°%S 
and 0-09°,Mn was fully red-short upon quenching 
from 1 300°C whereas quenching from 1 200°C 
resulted in only slight brittleness (cf. Table V). The 
corresponding sulphur solubilities may be estimated 
from Fig. 1 to about 0-02 and 0-01%, respectively. 
The effect of manganese in increasing the sulphide/y 
interfacial energy is clearly demonstrated by the fact 
that grain-boundary films were not observed in K31] 
even after furnace cooling. Thus the film mechanism 
may be excluded as a cause for the red-shortness in 
this material. According to the formula of Anderson 
et al. the manganese content necessary to prevent 
red-shortness at 0-057 8 is 0-10% as compared to 
0-09°% in steel K311. 


, 


Brittleness below Ar, 

The main reason for the restriction of red-shortness 
to the y-range is probably the greater resistance to 
deformation in austenite as compared to that in 
ferrite. The fact that FeS has a greater dihedral angle 
in a ferrite than in an austenite grain boundary® 
also disfavours brittleness in the a-range. However, 
brittleness in the a-range at quite Jow sulphur contents 
has been reported by Hultgren and Herrlander.” 


Effect of carbon on the sulphur solubility in austenite 

Most of the test materials used had rather high 
carbon contents. Carbon was used for deoxidation 
because it leaves no deoxidation product in the steel 
and admits a simple melting procedure. Carbon per s¢ 
has probably no influence on red-shortness. Apart 
from extending the austenite range to lower tempera- 
tures it may also lower the sulphur solubility in 
austenite, however, and in both these ways it exerts 
an indireet effect on red-shortness. There is no 
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information regarding the influence of carbon on the 
solubility of sulphur in austenite but Morris and 
Bueh|*! found that carbon increased the activity of 
sulphur in liquid iron at 1 600°C. Thus at 0-5% and 
1°,C the activity coefficients of sulphur were about 
1-2 and 1-4, respectively. The temperature depen- 
dence was very slight. Assuming an effect of the 
same magnitude in austenite would imply a decrease in 
sulphur solubility to between 80 and 70%, of the values 
in the Fe—-S diagram (Fig. 1) at carbon contents ranging 
from 0-5% to 0-8%. Some evidence supporting 
this assumption was obtained by microscopic investi- 
gation of specimens with 0-040°%S and 0-55°,C that 
had been quenched from various temperatures between 
1 200° and 1 350° C. The amount of sulphide markedly 
decreased with raising quenching temperature. At 
1 350° C the sulphide was almost absent implying that 
the sulphur solubility is slightly below 0-040°, at 
this temperature. According to Fig. 1 the correspond- 
ing solubility in the pure Fe—-S system is 0-048%. 
Hence the activity coefficient for sulphur in austenite 
at 1350° C is about 1-2 at 0-55°%,C in qualitative 
agreement with the findings for liquid iron.* In the 
absence of exact data the influence of carbon has not 
been accounted for in the references made to Fig. 1. 


Effect of oxygen 

Since the oxygen solubility in y-iron even at high 
temperatures appears to be very small, oxygen cannot 
be expected to harden the austenite or to precipitate 
as oxide at grain boundaries. Hence, there seems to 
be no basis for assuming oxygen to cause red-short- 
ness as is also confirmed by the present experiments. 
In view of the reported low oxygen solubility it may 
seem noteworthy that a comparatively high and 
uniformly distributed oxygen content could be intro- 
duced into iron Y2 by an oxidation anneal at 1 300° C 
(cf. Table VIL). However, this could be attributed 
to internal oxidation mainly of silicon which according 
to chemical analysis amounted to 0-005% in iron Y2.+ 

It was shown by Keh and Van Vlack® that the 
dihedral] angle of intergranular sulphide inclusions was 
increased by oxygen at least at high temperatures. 
This would imply that oxygen tends to counteract 
the embrittling effects of grain-boundary sulphides. 
Oxygen possibly also lowers the sulphur solubility in 
austenite as it might be expected to dissolve to some 
extent in the sulphide thus lowering the sulphur 
activity of this phase. On the other hand, in the 
presence of manganese, oxygen should promote red- 
shortness since it lowers the effective manganese 
content in the austenite by forming (Fe,Mn)O slag 
inclusions. This is probably the case in steel D43262. 
Work on the combined effect of sulphur and oxygen 





* Parken??? has proposed a model according to which 
each carbon atom in the melt is surrounded by 6 iron 
atoms none of which could be substituted by a sulphur 
atom. Each atomic-°%, of carbon would then lower the 
equilibrium content of sulphur by 6%, i.e. increase the 
activity coefficient for sulphur by 6°, in accordance with 
the findings of Morris and Buehl.?!. The model may 
apply to austenite, as here, too, each carbon atom is 
surrounded by 6 iron atoms. 

Electrolytical separation of slag inclusions from the 
specimens gave a residue of black globules, which on 
analysis were found to contain about 5°,SiO,. 
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on red-shortness is continuing in the authors 


laboratory 


Effect of grain size 

The austenitic grain size might be thought to affect 
red-shortness. In particular one would expect a more 
pronounced brittleness at a large grain size. However 
there is no evidence for such fine-grained 


red-short (cf. Tat 


an effect as 
steels were also found to he fully 


LV, series A and Table V. series 4 


CONCLUSIONS 
(1) Sulphur induces red-shortness in steel by 
different 
a) Sulphur in supersaturated solid solution o1 
finely disp rsed sulphide precipitate hardens 
the austenite. The deformation then occurs 
mainly by shear 


stress 


mechanisms 


along eTaln boundaries 


causing which initiate 
inter-granular fracture 
Sulphur in the form of elongated sulphide 
precipitates or films at austenite grain bound 
aries promotes grain-boundary shear and thus 
intergranular fracture. 
(2) By suitable heat-treatment one or both of these 
mechanisms may be eliminated 
(3) Red-shortness appears to be 
y-range. 
(4) Manganese counteracts red-shortness by 
(a) Lowering the sulphur solubility in austenite 
thus decreasing the potentiality for harden 
ing. 
b) Forming manganese sulphide which does not 
form embrittling films at grain boundaries. 
(5) Oxygen does not cause red-shortness in manya 
nese-free iron at a low sulphur content (0-004°%S 


concentrations 


restricted to the 
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Longitudinal panel cracking in ingots 


By S. C. Desai, B.Sc., (Met. Eng.) 


INTRODUCTION 

LONGITUDINAL PANEL CRACKS the term 
suggests, a particular type of ingot crack appearing 
in a longitudinal direction on the face of an ingot. 
Figure | illustrates a typical example. Generally, 
panel cracks occur near the centre of the face and 
extend in depth up to or beyond the mid-radial 
position. They may occur on one, two or, very 
occasionally, three faces of the ingot and may extend 
over almost the entire length, in which case the whole 
of the ingot has to be scrapped. There are recorded 
instances where panel cracks have led to 60—70°% of 
the ingots in a cast being scrapped, which obviously 
constitutes a most serious loss. 


are, as 





Paper SM, BF/170/58 of the Forging Ingots Sub- 
committee of the Steelmaking Division of the British 
Iron and Steel Research Association, received on 23rd 
January, 1959. The views expressed are the author’s, 
and are not necessarily endorsed by the Committee as 
a body. 

The author is with the BISRA Sheffield laboratories. 


SYNOPSIS 


The examination of available data on the occurrence of longi- 
tudinal panel cracks shows that they are largely confined to steels 
of a composition range such that the pearlite grains are enveloped 
in a more or less continuous thin boundary of ferrite. Within this 
range, the susceptibility of any particular steel to panel cracking 
is greatly influenced by its aluminium and nitrogen contents. 
Metallurgical established the intergranular 
nature of the crack and the probability of it occurring at tempera- 
Hot tensile tests on as-cast samples of 


examination has 


tures below about 850° C. 
susceptible steels indicate their low ductility at temperatures in the 
region of 600° C and show that the ductility is reduced by increases 
in the aluminium content and, to a lesser degree, the nitrogen 
Partial replacement of the aluminium by titanium and 
improves the ductility at temperatures, but 
Possible means of minimizing 
1673 


content. 


vanadium these 


zirconium appears to have no effect 
the incidence of panel cracking are suggested. 


OCCURRENCE OF PANEL CRACKING 
Panel cracking is mostly encountered in steels 
treated with aluminium to produce inherent fine grain 
size. Data available to the Forging Ingots Sub- 
committee have shown that this defect is generally 
confined to steels within a limited range of carbon 





Fig. 1 
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Longitudinal panel cracks in 11}-in. square basic electric ingots of En 18 steel, grain-controlled with Al 
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TABLE I 
Effect of aluminium additions 





Al, Cracked ingots, 
oz/ton of steel % 





3-0 


6:7 








contents, about 0-4-0-7%C in plain carbon steels, 
and somewhat lower in Ni, Ni-Cr, and 1—-14%Mn 
steels. 

The steelmaking process has an important bearing 
on the susceptibility of the steel to panel cracking, 
the different processes in order of their decreasing 
susceptibilities being: electric arc, basic open-hearth, 
and acid open-hearth. The defect is very seldom 
encountered in steels made by the acid OH process. 

Larger ingots are more prone to cracking than those 
of smaller size. It has been noticed that small 
ingots (below about 9 in. square) are practically 
immune to panel cracking but as the size increases 
they become progressively worse in their suscepti- 
bilities to this trouble. If the ingots are stripped as 
hot as possible and then cooled very slowly or hot 
charged for rolling, the occurrence of panel cracking 
is greatly reduced. 

It has been suggested! that casting conditions can 
contribute towards the incidence of panel cracking 
and in particular that teeming temperature and teem- 
ing rate should be carefully regulated. Care should 
also be taken in spacing the moulds in the casting pit, 
and the metal should be teemed centrally to avoid 
non-uniform chilling of the ingot. 


Effects of aluminium and nitrogen 

Longitudinal panel cracking is closely related to 
the aluminium and nitrogen contents of the steel. 
A statistical study made at one works? on a large 
batch of 214-in. round ingots has shown that the 
incidence of panel cracking is increased with increasing 
amounts of aluminium addition (see Table I). 

This is further confirmed by results obtained at 
another works? where a comparative study was made 
on basic OH and electric are furnace steels. The 
results are given in Tables II and III. The average 
nitrogen contents for basic OH and basic electric 
steels are given as 0-005 and 0-009°%;, respectively, 


TABLE II 


Relation between total aluminium content and per- 
centage cracking in basic OH and basic electric furnace 
processes 





Cracking, °% 
Total Al, % 


Basic OH 


Basic electric 





<0 015 nil nil 
0-016-0-019 1-2 23 
0020-0023 46 52 
0-024-0-031 36 
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TABLE Ill 


Total Al and N contents in relation to panel cracking 
of ingots 





Ingots showing longitudinal 
cracks, % 


0016-0 020°, Al 0-021-0 023°, Al 





| 
0 005-0 -006%,,N 19 
0007-0 -009%,N 37 
0-010-0-012%N 53 | 


| 
| 
| 


| 
| 
| 
| 
| 





and the close correlation between aluminium and 
nitrogen contents and ingot cracking is emphasized 
by the data in these two tables. 


Characteristics and probable mechanism of panel 
cracking 

The Sub-committee’s first approach to the problem 
of panel cracking consisted of careful examination of 
cracked and uncracked ingots from the same cast, 
in an attempt to determine any significant difference 
between them. 

Transverse ingot sections (see Figs. 2 and 3) sub- 
mitted by members of the Sub-committee were 
sulphur-printed and macro-etched, but neither tech- 
nique revealed any abnormalities which could be 
associated with the crack. Chemical! analysis showed 
no significant differences between cracked and un- 
cracked ingots, nor between the cracked and uncracked 
faces of the same ingot. Similarly, inclusion counts*® 
based on the Fox chart showed no appreciable 
differences. 

Specimens taken for microscopic examination 
from various parts of the cracked ingots revealed a 
thin grain boundary of ferrite enveloping pearlite 
grains. Continuous grain boundaries of ferrite were 
occasionally present even in the centre of the ingot 
where the prior grain size was larger. 

It was difficult to examine the nature of the crack 


Fig. 2—Etched transverse section of a 0-6%C 15-in. 
duodecagonal basic OH ingot showing panel crack 
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Fig. 3 Etched transverse section of a 0-.55°,C 14}-in. 


square ingot showing panel crack 


near the face of the ingot because of its width, but 
following it progressively as it extended into the ingot 
and became narrower, it was quite evident that the 
crack was mostly intergranular (Fig. 4) following the 
ferrite network around the pearlite grains. Ferrite 
was very often observed only on one side of the crack, 
as shown in Fig. 5. Oxidation of the crack was only 
superficial and there was no decarburization present 
around it. 

Manganese sulphide inclusions were present in the 
grain-boundary ferrite (Fig. 6) and were also some- 
times found within the pearlite with ferrite pools 
nucleated on them (Fig. 7). Aluminous types of 
inclusions, occurring in stringers, were found only 
occasionally in the ferrite network (Figs. Sa and 5). 





Fig. 4 Intergranular crack following the ferrite net- 


work x 10 
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Fig. 5 750 


Crack along pearlite ferrite interface 


It was not possible to associate these in any way 
with the panel cracking. 

It is very significant that the longitudinal cracks 
always occur near the centre of the panel. Though 
not yet certain, it agreed that panel 
cracks originate internally and propagate to the 
surface. In discussing the probable mechanism of 
crack formation, Bacon® suggested that “as a square 
ingot solidifies the corners freeze more rapidly than 
the faces, and on final solidification the ingot is much 
hotter in some places than in others. The outer part 
of the ingot is comparatively rigid whilst the centre, 
just after solidification, is at a temperature around 

500°C. As it cools down further, the centre is 
seeking to contract within a rigid framework. High 
tensile stresses are set up and finally, owing to these 
stresses, there is a pull at the weakest point which 
is a position about a quarter of the way towards the 
centre, at half the ingot width. This point would at 
any given time be hotter than any other point along 
the line a—b, and also subject to the highest tensile 
The diagrammatic sketch (Fig. 9) indicates 
the progress of solidification with the corner effect 
exaggerated. 

Longitudinal panel cracking mostly occurs in steels 
within a limited range of carbon contents, about 0-4 


is generally 


stress.” 





Fig. 6 —MnS inclusion in grain-boundary ferrite 500 
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Fig. 7 Ferrite pools nucleated by MnS inclusions 
500 


0-7° C. In low-alloy steels, the carbon content is on 
the lower side of the range. This range of carbon 
contents is such that the steel contains pearlite 
enveloped by a thin grain boundary of ferrite, the 
addition of alloying elements reducing the amount of 
carbon necessary for formation of the eutectoid. This 
thin continuous grain boundary of ferrite is less 
capable of withstanding the high tensile stresses 
developed in the ingot while cooling, and the presence 
of any fine precipitate or film may weaken it further, 
thus contributing in making these steels more 
susceptible to panel cracking. 

Microexamination has revealed only superficial 
oxidation of the crack and the absence of any de- 
carburization around it. It has also shown that it 
very often runs along the pearlite ferrite interface, 
suggesting that the cracking occurs at a lower tem- 
perature, probably below 850°C, when the ferrite 
network is in existence. This is further supported by 
the observed reduction in the incidence of panel 
cracking when ingots are stripped hot and then slowly 
cooled or hot charged for rolling. 

The precipitation of aluminium nitride in steel 
castings is known to cause intergranular fractures. 
The intergranular nature of panel cracking and its 
increased incidence with increasing amounts” of 
aluminium and nitrogen suggest that aluminium 


Fig. 8—(a) and (6): 
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Aluminous inclusions in grain-boundary ferrite 
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Fig. 9 -Progress of solidification of ingot, corner effect 
exaggerated 


nitride also plays an important part in the formation 
of this particular ingot defect. 

Following this preliminary examination, the Sub 
committee's next approach to the problem of longi- 
tudinal panel cracking was of a more fundamental 
nature. Experimental work carried out at the BISRA 
laboratories will now be described 


EXPERIMENTAL WORK 

Krom the collected data on longitudinal panel 
cracking it is clearly evident that aluminium, 
nitrogen, and grain boundary ferrite all play an 
important part. It is established that the crack is 
intergranular and occurs at relatively low tempera- 
tures, below about 850° C. It was felt that a knowledge 
of the tensile properties of steels at temperatures up 
to this level would lead to a clearer understanding of 
the causes ot panel cracking and accordingly several 
series of hot tensile tests on various steels in the as-cast 
condition were carried out. To complete the picture, 
re om -temperature tests were also included in each case 

The first series of hot tensile tests was made on 
0-6°C steel, prepared with varying aluminium and 
nitrogen contents in small high-frequency furnace 
heats. The results of the tests are given in Table IV. 
and together with the curves in Figs. 10 and 1] they 
show that there is very little difference in the tensile 
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TABLE 


IV 


LONGITUDINAL PANEL CRACKING 


Results of hot tensile tests on steels with varying Al and 


N contents 





Composition, ‘ 


Tensile properties 





Grain 
No — size Temperature, | — a 
, ASTM | *o : 
( Si Mn Other elements No. | UTS Elongation, RA, 
0.008 N Room temp. 45 6 9 8 
0-O1Al 500 22:5 12-5 25 
i 0-63 0-26 0.84 0 0025 Al (sol) 4 600 | 11-8 15 24 
0:0033.N as AIN 700 6-1 25 V4 
Low nitrogen—low aluminium 800 3-2 69 7 
0-008 N Room temp. 45 11 9-2 | 
0-07 Al 500 19:8 10 14 | 
2 0-64 0:26 0-84 0-046 Al (sol) 6-7 600 11-1 7°5 8 } 
} 06-0065 N as AIN 700 6°7 22-5 6 | 
Low nitrogen—high aluminium) 800 3-4 50 32 
0-015N Room temp. 44-9 10 8-5 
0-01 Al 500 23-9 16 18 
3 0-645 0-26 0-79 0-002 Al (sol) 45 600 11-8 17°5 2 | 
0-0024N as AIN 700 49 44 45 | 
High nitrogen—low aluminium) 800 3-0 69 76 | 
| 0-021 N Room temp. 46-2 12:5 19 
0-065 Al 500 20-2 7:5 6 
4 0-635 0.23 0-75 0-040 Al (sol) 7-8 600 11-9 4 6 
0:0108N as AIN 700 6-1 6-3 6 
High nitrogen—high aluminium) 800 3-8 21 15 





Note: Tests were carried out 








on specimens machined out of 4-in. square ingots, from a high-frequency furnace, in as-cast condition. 


It was not possible to test them in duplicate because no more material was available 


properties at room temperature or in tensile strength 
at elevated temperatures, but the steels contain- 
ing low-nitrogen—high-aluminium and high-nitrogen 

high-aluminium give lower figures for elongation and 
reduction in area at high temperatures. Nitrogen 
does not appear to have any appreciable effect unless 
accompanied by a high aluminium content; on the 
other hand, a high aluminium content has a definite 
effect even when the nitrogen content is low, the effect 
being even more pronounced when the nitrogen is 
also high. 

These results show that aluminium additions can 
cause a distinct reduction in the ductility of the steel 
at temperatures at which panel cracking is liable to 
occur. To investigate this effect more closelv, a 





—— 














Fig. 10—Temperature v. elongation, steels as indicated 


further series of tests was carried out on five ingots 


of En 18 steel, produced in the BISRA experimental 


are furnace with ladle aluminium additions of 0, 6, 
12, 18, and 24 oz/ton, respectively. The results of 


these tests are given in Table V 

From the results it can be seen that increasing the 
aluminium addition has the effect of reducing the 
ductility of En 18 steel, which is very susceptible to 
panel cracking. It is also very significant that the 
ductility is at its lowest around 600° C which suggests 
that cracks might be developing in that temperature 
region. Steel no. 3 was inadvertently low in carbon 
and the tests show that it was considerably more 














Fig. 11 


Temperature v. 


reduction in area of steels as 


indicated 
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FABLE \ 


Results of hot tensile tests on five 8-in. square basic-electric furnace ingots of En 18 steel cast with 0, 6, 12, 15, 
and 24 oz'ton of Al addition in the ladle; tested in the as-cast condition 





Composition, 


Cc Si Mn Other elements 





01 Cr 
0 O11 Al 

0.77 060-0082 N 
0.0007 N as AIN 


61Cr 
0 O19Al 
37 0 46 0 87 0-O0114N 
0 -0014N as AIN 


Nw 
S 


0.97Cr 
0-032 Al 

0 44 0.75 0.0083 N 
0.0009N as AIN 


02Cr 
0-035Al 
0.39 0.76 0-0106N 
0 0008 N as AIN 


01Cr 
0-038 Al 
| 5 0-33 0-52 0-81 0 0081 N 
| 0 001N as AIN 


ductile than the other steels with higher carbon 
contents. This suggests that the carbon content, by 
its effect on the thickness of the ferrite boundary 1S 
an important factor in determining the susceptibility 
of a steel to panel cracking. 

To relate ductility at high temperatures with the 
known occurrence of panel cracking, it 
to carry out hot tensile tests on samples from cracked 
and uncracked Test pieces were machined 
from sections taken from similar positions in cracked 


was decided 


ingots. 


TABLE VI 


Results of hot tensile tests on cracked and uncracked 
basic electric ingot sections* 





UTS Elongation, ‘ RA, 


| Temperature, 
| Cc 


Un- Un- Un- 
Cracked) cracked Cracked) cracked Cracked) cracked 





Room temp. 36-2 35 65 10 10 4 
Room temp. 38 37 6 15 12 32 | 
] 
500 24-1 25 6 5 11-5 8 13-2 
500 23:2 25-2 5 10-5 10.4 14-8 
500 22:8 24.8 6 11-1 8 14 
600 14 17 1 8 24 14 
600 15-2 19:2 6-3 10°5 4 13-2 
600 16:8 14.8 5 6 2:4 11-6 
600 14 17:2 3.5 10.5 4 10 
600 15-5 16-9 42 95 38 18 
700 5-4 7-7 t 2-4 » 
700 44 8-2 t 7 2-4 12 
700 8 4 8 3 20-5 44 44 
700 8-8 7:9 2:5 + 4 t 
800 39 4 25-5 24 19-6 42 
800 3.9 42 12.5 t 17-2 46 8 
800 41 7:4 90 46:5 88 46:8 
* Analysis, 
Cc Si Mn Al N Grain 
size 
Cracked ingot 0.42 0.32 0 81 0 040 0.0057 7 
Uncracked ingot 0-37 0-34 0.78 0-014 0. 0038 6-7 


+ Manner of fracture or surface condition prevented observation 
of gauge marks 
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Tensile properties 


Grain 
size lremperature, 
ASTM ( 
No UTS Llongation RA 
Room temp 45 1 6 5 33 
500 23.7 16 16-3 
3-5 600 14-8 65 67 
700 8-1 13-5 141 
800 3-6 50 70 
Room temp 32.8 2 07 
500 24.4 9 20 
6-7 600 16 8 4 8 
700 7 84 5 26 
800 39 42 52 
Koom temp $44 10 5 
500 19-2 13.5 21.9 
6-7 600 10.5 15 11-2 
700 5 4 24 18.8 
800 41 28 33 
Room temp 38 1-5 1-2 
500 24 5 12 RR 
7-8 600 14:28 4 42 
700 8:2 3:7 6 
800 3 8 20 24 
Room temp. 30 0-75 0 88 
500 23 5 5 
6-7 600 144 25 47 
700 7-1 35 4.8 
800 42 1-5 5-6 
and uncracked ingots from two production casts of 
Kn 18 steel, made in a basic electric furnace. The 
results of the tests are given in ‘Table V1 


From the results in Table VI it can be seen that 


the ductility of the specimens from the cracked ingot 


is lower than that of specimens from the sound ingot, 
at temperatures of the order of 600-700°C. It is 
interesting to note also that both the aluminium and 


nitrogen contents are higher in the cracked ingot. 
Cracks occur owing to tensile stresses being set up 
within the ingot during cooling, and should a steel 
exhibit an abnormally low ductility in a region of 
high stress concentration it will obviously be more 
prone to cracking. It is apparent from the results 
of these tests that which known to be 
susceptible to panel cracking have low ductilities in 
the temperature range in which panel cracks are 
known to occur, and it is also clear that an increase 
in the aluminium content lowers the ductility still 
further. that if 
the aluminium grain-size control could be 
replaced, wholly or in part, by some other element 
then the region of low ductilitv might be avoided and 
resistance to panel cracking increased. Titanium 
zirconium, and vanadium all been previously 
suggested or used as grain-size control additives in 
steel manufacture and the next series of hot 
tests were designed to study the effect of partial 
replacement of the aluminium by each of these three 


steels are 


It seems logical to suggest, therefore, 
used for 


have 


tensile 


elements. The steel used was again of En 18 quality 
produced in the BISRA are furnace and the results 
of the tests are given in Table VII 
The results obtained show that the partial replace 

ment of aluminium by titanium or vanadium improves 
the ductility of the steel at temperatures in the region 
of 600° C. The figures for elongation and reduction 
in area are comparable to, or even slightly better 
than, those of the uncracked ingot in Table VI. On 


JOURNAL OF THE IRON AND STEEL INSTITUTE 








256 DESAI 


LONGITUDIN 


AL PANEL CRACKING 


TABLE VII 


Results of hot tensile tests on En 18 basic electric furnace steels containing 
replacement for Al 


0 021°, Ti 0 021°, Al 
lemperature, 
Cc 


Elongation, 


| UTS RA, UTS 
Room temp 38 5 2 33:8 
500 245 7 19 22 2 
500 28 13-5 21 21-3 
500 26-5 14 21 22:1 
600 17:5 11:5 22 13 6 
600 17 18 33 13-9 
600 17 15 23 14:3 
700 9 17-5 20 74 
700 8 7 10.5 19 8-3 
700 9 12:5 19 7-3 
800 48 40 41 4 
800 5 53 50 





0.02°,,V 0-02°.,Al 


Ti, Zr, and V additions as part 


002°, Zr 0 02°. Al 


Elongation, Elongation, 


RA, UTS RA, 
5 4 37-8 6 1-6 
8-7 16 24:3 8-5 17 
13 i7 26-7 10:5 23 
10 16.8 
il 16 17 6 s 
11 19-2 16-7 7:5 10-8 
2 15 
8-7 16 9-6 5 5 
7-5 16 92 3:7 8 8 
10 13-2 8 4 5 4-8 
15 12:8 44 50 40 
47 45 2 





Note: All the three steels were fine grained 


the other hand, the zirconium addition is not effective 
in improving the ductility. 

It is interesting to note that additions of titanium 
and vanadium have been made in works practice for 
the purpose of controlling grain size. At one works 
a partial replacement of aluminium by titanium 
(additions of 0-04°,Ti and 0-04°,Al gave residual 
contents of 0-02°,Ti and 0-02°,Al) gave satisfactory 
grain-size control and the longitudinal panel cracking 
which had been experienced previously was eliminated. 
\t another works, satisfactory grain control was 
obtained by using a vanadium addition alone. A 
0-075°%,V addition to the furnace gave a very uniform 
grain size and a clean steel, the recovery of vanadium 
being almost complete. Again it was observed that 
the trouble due to panel cracking was eliminated. 


SUMMARY AND CONCLUSIONS 

After an extensive study of the occurrence of 
longitudinal panel cracking, some of the important 
factors commonly observed are established. The 
defect is largely confined to those types of steel which 
are largely pearlitic with thin continuous grain 
boundaries of ferrite, and occurs at relatively low 
temperatures, below the Ac, point. It is intergranular 
in nature, suggesting that the thin boundary of ferrite 
is incapable of withstanding the stresses developed 
during cooling. The aluminium and nitrogen contents 
have pronounced effects on the incidence of the defect 

Hot tensile tests have been carried out to determine 
the properties of susceptible steels in the temperature 
range in which this defect The tests have 
shown that aluminium markedly reduces the ductility 
of the steels at temperatures of the order of 600° C 
nitrogen having a similar effect only when accom- 
panied by a high aluminium content. It is apparent 
that the low ductility at these temperatures is the 
reason for the susceptibility of these steels to pane! 
racking and this is confirmed by the ductility figures 
obtained in the tests on samples from cracked and 
uncracked commercial ingots. The importance of the 
thin boundary layer of ferrite is shown by the fact 
that aluminium did not seriously affect the high 
temperature ductility of one particular steel in which 
the carbon content was inadvertently low. 


occurs. 
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Tests on steels in which the aluminium required fot 
grain control was partially replaced by titanium, 
vanadium, and zirconium have shown that titanium 
and vanadium are distinctly beneficial in preventing 
the region of low ductility. Zirconium, however, 
proved ineffective. Works experience confirms that 
titanium and vanadium are both effective in providing 
grain-size contro] whilst avoiding the danger of panel 
cracking. 

As a result of these studies, the following possible 
means of reducing the occurrence of panel cracking 
are suggested: 

(1) As the aluminium content of the steel is a major 
factor, the barest minimum required for satisfactory 
grain-size control should be used. 

2) The replacement of the aluminium, in part or 
in full, by elements such as titanium or vanadium 
will improve the high-temperature ductility of those 
steels which are susceptible to panel cracking and 
will, therefore, reduce the incidence of the defect 

(3) If permissible, the ingots should be stripped as 
hot as possible, and sent to the soaking pits or slowly 
cooled. 

(4) Casting conditions should be carefully regulated 
to avoid any unnecessary or uneven development of 
stress in the ingot during cooling 
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Mechanism of formation of metal particles in seale on 


By K. Sacns 

Dr M. Hillert and 
wrote: The author 
formation of the 


Professor A. Hultgren (Sweden 
two mechanisms for the 
nickel-rich particles found in oxide 
scale after oxidation of nickel steels, namely, precipita 
tion and entrapment. In our opinion, the former 
cannot operate during normal oxidizing conditions, and 
so the latter is the only mechanism for this process. 
Our conception of entrapment, 
differs from the author’s, 

To some extent, the oxidation process under discussion 
resembles the carburization of nickel steels which we have 
treated earlier,! and we shall here use a similar approach. 
[t will be assumed that there is always local equilibrium 
at the oxide/metal interface. 

An isothermal section through the ternary diagram 
Fe-Ni-O is given schematically in Fig. A. The thin 
lines are so-called * isoactivity ’ lines for oxygen, and 
the indicated directions of these lines follow from the 
fact that the alloying element nickel prefers the metallic 
phase to the oxide.? The slopes of the phase boun 
daries are not known, but they are not essential in this 
connection and were therefore drawn vertically in the 
figure. It is demonstrated that the higher the oxygen 
activity, the higher are the nickel contents of coexisting 
metal and oxide. This fact can be described analytically 
by an approximate expression ®: 


sugyests 


however, probably 


as will be shown later. 


l Onxid Meta l 0 1 
os Ni I N z ,lnd a ecccceoes 
I . ] 2h sali 
ide tal 
where a* and wz" are the atomic fractions of 


Ni 
nickel in the two phases, F is the partition coefficient 
for nickel between the coexisting oxide and metal, ao 
is the actual oxygen activity, and aj, is the oxygen 
activity needed to oxidize pure iron to wustite. For 
any value of the oxygen activity, for instance aj, one 
can thus caleulate the nickel contents of the coexisting 
oxide and metal represented by circles in Fig. A. An 
oxide of the same oxygen activity a4, would be supersat- 
urated and could precipitate metal only if its actual nickel 
content were higher than the value thus calculated 
from its actual oxygen activity. A supersaturated 
oxide of this type is represented by a point inside the 
two-phase field in the diagram (the cross in Fig. A). 
In the same way, a metallic phase is supersaturated and 
can precipitate oxide only if its actual nickel content is 
lower than the value calculated from the actual oxygen 
activity. A supersaturated metallic phase of this type 
is also represented by a point inside the two-phase field 
(the star in Fig. A). 

The full line in Fig. B shows the distribution of nickel 
during the oxidation of a nickel steel. The oxygen 
activity is highest at the free surface of the oxide and 
decreases monotonically towards the centre of the speci 
The broken line represents the related nickel 
content of the oxide caleulated from equation (1) and so 
it must also decrease monotonically. According to this 
diagram, a nickel-rich metallic phase cannot precipitate 
inside the oxide layer because the actual nickel content 
of the oxide (full line) is everywhere lower than the 
saturation value (broken line). However, precipitation 
could oceur if the oxygen activity were lowered during 


men. 


the process, which may have happened in the oxidation 


+ JIST, 1957, vol. 187, Oct.. pp. 93-104. 
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Fig. A—Schematic equilibrium diagram Fe-Ni-O 


under the box. It certainly 
happened in the vacuum 
p. 97 of the paper, where 


to iron,”’ 


experiments protecting 


experiments desc ribed on 
wustite itself was reduced 
This discussion seems to rule out precipitation as a 
mechanism for the formation of nickel-rich 
metallic particles under normal oxidizing conditions 
In our opinion, the remaining mechanism, entrapment, 
can be operative if the. oxide/metal interface, which is 
presumably plane in an early stage of the oxidation 
process, tends to assume a rougher shape. Protruding 
parts of the interface may then entrap small parts of the 
metallic phase by growth sideways. Obviously, this 
does not agree with the author’s statement that In 
principle, there is no reason why there should not be a 
sharp interface between an iron oxide scale containing 


possible 


no nickel and a metallic core correspondingly enriched in 
nickel.’’ The following two reasons for irregular growth 
of a sharp interface may be suggested. 

(1) Wagner* has recently examined the stability of a 
plane oxide/metal interface by considering the diffusion 


of the less noble component A in the oxide and in the 


metallic phase. He found that a plane interface is 
stable if the quantity 
Na" DV n 
t ~ 
eee WE PS 
is larger than unity. N4* is the mole fraction of A 
in the metallic phase at the oxide interface, D’ and | 
are the interdiffusion coefficient and the molar volume 
of the metallic phase respectively, and D*” and | 


are the self-diffusion coefficient of A in the oxide at the 
intertace and the volume of the oxide involving one mole 
of A respectively. If qg is evaluated at 1 100°C for a 
steel with 1-5°% nickel, it is found to be less than 0-001 
at the beginning of the 
tendency for any small de 
to develop further. 


oxidation, indicating a strong 


iation from a plane interface 


The entrapment mechanism thu 
seems quite probable on these theoretical grounds 
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Sd 
Fig. B—Distribution of nickel during oxidation. Full 
line actual nickel content, broken and dotted 
lines nickel content corresponding to the actual 


oxygen activity 


The small deviations from a plane interface, necessary 
for starting the development of a rough shape, may be 
caused by grain boundaries and other inhomogeneities 
in the material or by the following mechanism of internal 
oxidation, which by itself is a mechanism of changing a 
sharp interface. 

(2) In the metallic core oxygen diffuses from the oxide 
metal interface towards the centre, producing a mono- 
tonically decreasing oxygen activity in this phase also. 
The dotted line in Fig. B represents the related nickel 
content for the metal, calculated from equation (1). 
This line must be much flatter than the full line repre- 
senting the actual nickel content, because oxygen 
diffuses much more easily than nickel in austenite.® 
There is thus a zone where the dotted line lies above the 
full line, although it finally decreases to very low values. 
Consequently, the metal is supersaturated in this zone 
and can here precipitate oxide. The numerous small 
oxide particles visible in the metal matrix in Figs. 
1, 4, and 7 are probably the result of such a mechanism 
of internal oxidation. 

Internal oxidation has previously been observed and 
treated theoretically by a number of authors, and this 
literature was recently reviewed.6 It should be noted, 
however, that the alloys considered have had a high 
content of the noble component and are usually low in 
the less noble component, which forms the oxide. The 
descriptions of the mechanism for internal oxidation 
given by these authors are therefore not applicable to 
the present case, where the content of the noble com 
ponent is low (1-5%). Instead, the mechanism for 
internal oxidation of this new kind described in the 
preceding paragraph resembles the formation of new 
crystals ahead of the advancing solid/liquid interface 
during the cooling of a liquid alloy, as described qualita- 
tively by Hultgren? and recently in more detail by 
Wagner.’ The conduction of heat plays the same role 
in the solidification process as the diffusion of oxygen in 
our case of internal oxidation. 


AUTHOR’S REPLY 
Dr K. Sachs (GKN Group Research Laboratory) 
wrote: Professor Hultgren and Dr Hillert point out that 
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precipitation of nickel on particles some distance from 
the interface implies that it has been dissolved at the 
interface in wiistite of low oxygen activity and low nickel 
saturation concentration, and then precipitated in a 
zone where the oxygen activity and nickel saturation 
concentration are higher. Their contribution isa detailed 
exposition of the theoretical difficulty of the precipi 
tation explanation to which I drew attention in the 
paper; however, I indicated that the mechanism is 
nevertheless feasible and I shall try and demonstrate 
this with the aid of Figs. A and B. 

Figure B does not represent the distribution of nickel 
during oxidation at all accurately, because it neglects 
the influence of the nickel-rich particles embedded in 
the scale. This has a considerable influence on the 
curves, as I shall show later; one effect is that throughout 
the zone where nickel is present in the scale the wiistite 
is fully saturated with nickel. Thus the theoretical 
difficulty is to explain why nickel should diffuse from 
one point in a saturated solution to another when by 
definition there cannot be a nickel activity gradient. 

fo explain this I have referred in the paper to the 
spheroidization of pearlite as an analogy. Particles of 
cementite are embedded in saturated ferrite; they dis- 
appear and coarser particles of rounded shape take their 
place. Evidently carbon has gone into solution and 
has been precipitated elsewhere although the ferrite 
is saturated throughout. The usual explanation is that 
the fine lamella have a higher surface energy than the 
coarser rounded particles, and that there is a slight, 
probably metastable, increase in solubility near the high- 
energy surface so that some carbon is dissolved; this can 
then diffuse to a point where precipitation from ferrite 
on a@ growing cementite particle has reduced the carbon 
concentration. 

With this sort of reasoning in msider 
some nickel—iron particles in equilibrium with wustite. 
If the compositions of the two phases correspond to thx 
triangles in Fig. A, the oxygen activity at equilibrium 
may be designated aj. Let us assume that the par- 
ticles are broken down to such a small size that the 
surface energy per mole makes a significant contribution 
to their free energy; clearly their molar free energy will 
be higher than that of massive particles, and their solu- 
bility will increase, which can be expressed as a decrease 
in the oxygen activity of the wiistite with which they are 
in equilibrium. For the sake of convenience, let us 
suppose that the oxygen activity falls to a4, the nickel 
and oxygen concentrations of the metal phase remaining 
constant. The wiistite in,equilibrium with these metal 
particles will have the same nickel content as that in equi- 
librium with massive particles, but the oxygen activity 
is only aé; since the solubility of the metal in wiistite 
has increased, the wiistite will have a lower oxygen con- 
centration, indicated by the intersection of the nickel 
content and the line for aj. Thus the effect of small 
particle size is to produce metastable wiistite at lower 
oxygen concentrations, and this has been indicated in 
Fig. A by a dotted line parallel to the boundary of the 
stable wiistite field. An oxide represented by the cross 
on Fig. A would be metastable as a single phase and, as 
stability is approached, nickel is precipitated at points 
where it will not make a significant contribution to the 
surface energy, i.e. where it will not create a fresh surface. 

A less rigorous but correspondingly more imaginative 
treatment would consider what happens to a very small 
group of nickel atoms in the austenite lattice when the 
iron is oxidized. The austenite lattice has disappeared; 
they are suspended in space, surrounded by wiistite. 
There are not enough of them to form a respectable 
nucleus of metallic nickel, so that the 
treatment does not apply. Either the 


mind, let us « 


“small particle ’ 
nickel atoms will 
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attach themselves to the wiistite lattice in some way 
or the wistite will form a fresh surface around the nickel; 
thus the nickel will be either a coherent or an incoherent 
metallic inclusion in the oxide crystals, depending on 
the energy balance. The freshly formed surface in the 
wiustite lattice represents a zone of extremely high strain 
or surface energy. Similar zones will cluster together 
until a ‘ small particle ’ of nickel is formed, or they will 
migrate separately to a metal/oxide interface which 
may be regarded as a sink for this kind of defect. 

A fair amount of experimental evidence on the distri- 
bution of nickel in the scale is presented in an earlier 
paper. A schematic representation of the nickel 
distribution is shown in Fig. C, drawn to a different scale 
from that used in Fig. B. The curves in Fig. 
shown on the diagram, and the nickel in the metal 
particles is also included. The oxide is very thick 
relative to the surface iayer enriched in nickel, and the 
predominant feature is a peak in the overall nickel 
concentration at distance from the scale/metal 
interface. In this zone the oxygen activity and the 
associated nickel concentration of the metal particles 
should be fairly high (Fig. A). If these particles had 
formed by the entrapment mechanism, the overall 
nickel content should not differ substantially from the 
bulk nickel content of the steel and the number of metal 
particles of high nickel content should be correspondingly 
small. In fact, the overall nickel content may be as 
much as four times that of the steel core, and microscopic 
examination reveals a very large number of metal par- 
ticles. It is evident that nickel has travelled outward 
from the core over a distance of about 2mm. The fact 
that the metal particles grow after their formation in the 
scale is demonstrated in Figs. 13 
discussion. 


B are 


some 


15 of the paper under 


Oxidation under a protecting box lowers the oxygen 
partial pressure in the atmosphere and produces a scale 
with a shallower activity gradient; it may be regarded as 
producing an oxide layer with some of the properties 
of very thick scale in a shorter time. There is no reason 
to believe that the oxygen activity was lowered suddenly 
at any point during oxidation under the protecting box. 
The same applies to the vacuum experiment described 
on p. 97. The furnace was evacuated before heating 
and some wiistite was reduced to iron while equilibrium 
was being established. Thus the effect of vacuum heat- 
ing was to lower the oxygen activity to a in Fig. A; 
but this was done at the beginning of the experiment 
and it was this wiistite which attacked the surface of 
smooth nickel wires to produce the oxide penetration, 
shown in Fig. 12 of the paper. Thus transfer of nickel 
took place across wiistite in equilibrium, initially at 
least, with pure iron. It follows from the thermo- 
dynamic considerations illustrated in Fig. A that a stable 
solution of nickel in wistite cannot be formed. How- 
ever, dynamic equilibrium implies that nickel passes 
back from oxide to metal at the same rate as it enters 
the oxide; it does not follow that the atoms must neces- 
sarily be deposited at the same site from which they 
initially entered into ‘ transient 
It is this transfer of nickel across saturated wiistite, 
involving no more than statistically probable local 
deviations from equilibrium, which plays an important 
part in the mechanism of formation of the metal particles 
in the scale. This may be stretching the concept of 
precipitation alittle. I used the term because it correctly 
conveys the impression that the metal particles grow 
by deposition of metal from the wiistite. 

Entrapment proceeds by preferential oxidation of the 
grain boundaries and by the spreading, perhaps also the 
lateral growth, of oxide globules which may well have 
formed by the mechanism suggested by Hillert and 


> or metastable solution. 
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Fig. C—Distribution of Ni in the scale layer 
Hultgren. This process forms large metal particles 
which can be seen under the microscope I have also 


I 
‘entrapment ’ for the proce 
small groups of nickel atoms are caught 


used the term 33 by which 


in the advancing 
wiistite because the two processes appear to be 
in principle; entrapment on the atomic scale 
shown above to lead to migration of 
wustite i.e. the * precipitation 
My statement that there is no reason in principle why 
the boundary between the oxide and metal phase should 
not be straight was an amplification of the 
sentence: ‘‘ The thermody n for the 
of the particles does not explain their for 
bution nor the mechanism of their formation.” In 
order to explain the formation of metal particles in the 
scale it is necessary to include considerations outside the 
scope of thermodynamics i.e. the kinetics of the reaction. 
30th types of entrapment described above occur because 
the diffusion of iron through the oxide, which determines 
the rate of advance of the oxide, is much faster than the 
interdiffusion rate of iron and nickel in the metal: 
nickel is caught in the scale and stabilizes large metal 
particles or migrates to suitable surfaces, because it 
cannot get away into the core of the metal. The reason 
why g in equation (2) is about 0-001 is that D’/D*’ 
is about 10-5, i.e. 


similar 
has been 
nickel through 


mechanism. 


preceding 


namic reas existence 


“m and distri 


that iron diffuses in oxide much faster 
than nickel in austenite. Thus the instability of the 
interface predicted by Wagner’s equation finds its 
expression in the formation of metal particles in the scale. 
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Vacuum treatment oi steel by the Bochumer 
Verein stream degassing process 


By 4. Tix, G. Bandel, W. Coupette, and A, Sickbert 


THERE ARE CERTAIN LIMITS to the removal, by ordinary 
metallurgical methods, of those gases which have a 
harmful effect on certain grades of specia! purpose 
steels. As in the hot extraction method of deter- 
mining the gas contents of molten steel, use can be 
made of the relationship between gas solubility and 
pressure to reduce the gas content of steel during 
actual operations. 

Figure la shows the extent to which the hvdrogen, 
oxygen, and nitrogen contents of molten iron can be 
reduced as the pressure is reduced, Oxygen solubility 
is strongly affected by the carbon content of the steel 
as well as by the pressure; the oxvgen content is 
therefore denoted by the product CxO, which is 
roughly constant for a given pressure. Other alloying 
elements also affect gas solubility and give rise to 
deviations from the graphs shown in Fig. la. 

The original aim at Bochumer Verein AG in using 
a vacuum treatment was to produce heavy forgings 


free from flakes and was thus mainly a question of 


removing hydrogen. Vacuum-melting processes have 
so far been limited both from the viewpoint of size 
of melt and cost of the process. Bochumer Verein 
began tests with 60-ton heats at the beginning of 
1950, which led, in 1952. to the vacuum stream degass- 
ing process making possible the degassing of large 
quantities of steel up to 150 tons and over! A 
simplified graph is shown in Fig. 1 of the gas contents 
obtained in ingots up to 150 tons using vacuum stream 
degassing, compared with those obtained by ordinary 
air casting and high-vacuum melting. As a result of 
the favourable kinetic conditions in vacuum stream 
degassing it was possible to approximate closely to the 
theoretical hydrogen equilibrium at 1-10 mm Hg as 
shown in Fig. la 
generally not obtained with the vacuum-melting pro- 
cess even after several hours’ treatment at 10-3 to 10-5 
mm Hg. The pressure equilibrium point for the pro- 
duct CxO has not vet attained with the 


lower gas contents than this were 


heen 


ived on Ist December, 1958. 
with Bochumer Verein AG, 
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SYNOPSIS 


A new method of degassing steel is described which has the main 
advantage of reducing hydrogen contents and thus producing flake- 


free forgings. The low total oxygen and inclusion content of the 


vacuum-treated steel leads to an improvement in toughness The 
method can be applied to the degassing of large quantities of steel 
and to the production of small ingots of high-alloy steels It has 
been in use at the Bochumer Verein since 1952 for all heavy forging 
ingots. 1674 


vacuum stream degassing method although there has 
been considerable evolution of CO. The departure 
from equilibrium at lower pressures is more marked in 
the vacuum-melting process mainly because oxygen 
is taken from the crucible material. The removal of 
nitrogen by the vacuum stream degassing method 
at 1-10 mm Hg is not as successful as in the vacuum 
melting process. 

The process that has been used most frequently at 
Bochumer Verein AG has been the vacuum casting 
of heavy ingots, the method is shown diagrammatically 
on the right-hand side of Fig. 2. The advantages of 
this process are the avoidance of time or temperature 
losses during manufacture, and the preventing of the 
liquid steel from reacting with air and the refractory 
lining. These advantages distinguish the vacuum 
casting of ingots from the vacuum-melting process 
and from all other processes where the steel comes into 
contact with air or refractory materials during and 
after degassing. 

Stream degassing from ladle to ladle, shown on the 
left-hand side of Fig. 2, is used for rolled steel and steel 
castings. Vacuum-treated steel has remarkably good 
fluidity and even thin-walled of castings 
show no porosity, which is especially important with 
13° Cr steels. 

Figure 3 is a photograph of the edge of a casting 
stream showing the droplet size that occurs with 
vacuum stream degassing. This can be seen to better 
advantage in motion on ciné-film. Degassing begins 
when the casting stream breaks up into droplets on 
entering the vacuum chamber. The large steel 
surface of the falling droplets and the violent move- 
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Fig. 1--(a) Theoretical gas contents in pure molten 
iron at different pressures (6b) Actual gas contents 
in steel at different pressures 


ment within them cause rapid and almost complete 
degassing in spite of the high casting speed of up to 10 
tons min and the short time for which the steel is ex- 
posed to the vacuum \n important effect on the 
speed of degassing is the fact that the ferrostatic pres- 
sure in the falling casting stream is zero. 

As well as stream ladle de- 
gassing was also used, in which the fully charged 
ladle is placed in the vacuun 
contrast to 


degassing, simple 


Vesseé | and exposed 


to vacuum In stream degassing, this 
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Fig. 2. Stream degassing of steel 
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Fig. 3 Size of droplets during stream degassing 
ladle devassiny has relatively little effect An i 
crease in the degassing effect can be achieved by 


stirring the steel in the degassing vessel so that during 
parts of the melt through the 
region of low ferrostatic pressure at the 
With the additional use of a reducing 
maintaining its reducing nature (by adding reducing 
agents if thorough mixing 


degassing all pass 
surface 
slag and by 
intense 


necessary) and 


reaction of the steel with the slag is achieved that 
is not otherwise obtained in the normal method of 
steelmaking 

In the following paragraphs the gas contents 


obtained with stream degassing are compared with 
the contents usually obtained with air casting 

On the degassing at 1-10 
He gives hydrogen contents of 1-8 ml 100 ¢, corre 
the liquid steel (Fig. 4). This 
was determined by the tin melting method; sampling 


average, stream mm 


sponding to L-6ppm in 


was carried out by sucking with a quartz pipette and 
quenching with mercury in a U-tube. With carbon 
ind low-alloy steels the hydrogen contents obtained in 
ifter degassing, tall 
rolling and subsequent tempering to below 1 
100 ¢ throughout the whole cross-section 


liquid steel during forging o1 
> ni 
even with 
Without degassing, the 


nd S ml/1l00 


large-diameter ingots liquid 
of hydrogen 
rth and 


have 


steel contains between 4 
depending on whether it is electric or open-hea 
metallurgical treatment been 
With an casting hvdroge n content it the 
found to be of 3 ml/LO0O ¢g and 
of the ingot 

er of flake 


atte? 


whatever may 
applied. 
core of solid ingots are 
irds the edge 
the dan 


itt medi itely 


over and only decrease tow 
Chere is thu 
formation if the ingot is left in ai 


after heat treatment 


forging 
The 


strean de 


itent as a result of 
with soft 
ln this case the oxygen 
fifth of the 
The obtained are lower 
the higher the content ot the steel (Fig 
5). With killed plain carbon and low-alloyv electric 


reduction in oxygen co! 
it its highest 


cassiny Is 


rimming 
steels, as would be expected 
reduced to initial 


content is ibout ome 


content absolute values 
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Fig. 4—Hydrogen content before and after vacuum 
stream degassing 


and OH steels (over 0-1°%C) the total oxygen con- 
tents as determined by the hot extraction method 
drop, on the average, to 0-002° with stream de- 
gassing. This corresponds to an inclusion content of 
about 0-004, or 40 g/ton. Steels for heavy forgings 
are not generally deoxidized with aluminium or only 
with very little; this gives a total oxygen content of 
0-004°, for electric steel and 0-008% for OH steel. 
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Fig. 5—Oxygen and carbon contents in killed and 


rimming steels 


Vacuum stream degassing will reduce the oxygen 
content to less than half that for aluminium-killed 
steels; indeed, the average reduction with these 
grades is 50% and is up to 80% for rimming steels 
Figure 5 shows the total oxygen content for killed 
and rimming mild steels and ordinary carbon steels, 
and also the Ni-Cr—Mo steel used in Germany for 
making rotors and a ball-bearing steel with 1-1-5°/,Cr. 

An important observation is that the vacuum cast- 
ing of ingots not only reduces the oxygen content but 
also distributes it regularly along the length and cross- 
section of the ingot. Figure 6 shows the distribution 
of hydrogen, oxygen, and nitrogen in vacuum-cast 
and air-cast carbon steel (0-35%C) from the same 
OH heat. Similar low values and the same regularity 
can also be demonstrated in the Ni-Cr—Mo steel used 
in Germany for rotors (0-28%C, 2-0°,Ni, 1-3°%Cr, 
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8-ton ingots, from 
the same melt 
O- — -O Air pouring 
0-45°,Mo, 0-1°,V), e.g. by examining the axially 


drilled core of a large inductor shaft of 65-6 tons 
forged weight having a total length of 10-9 m made 
from a 100-ton vacuum ingot. Figure 7 shows the 
distribution of the gas content in 8-ton ingots, cast in 
air and in vacuo, of high-alloy 12°,Cr—Mo-V steel with 
high creep resistance at elevated temperatures. The 
effect of degassing is less with the high Cr content; in 
this case the avoidance of oxidation of the casting 
stream is decisive. 

The reduction in nitrogen content by stream 
degassing (Fig. 8) varies according to the grade of steel 
as is the case with oxygen. Whereas there is a reduc- 
tion of about » With plain carbon steels, this drops 
to 10-25%, for soft steels, depending on whether they 
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Fig. 8—Nitrogen removal by vacuum stream degassing 
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mentioned, there is, as has already been shown in 


Fig. 7, a reduction of about 10°/ in the nitrogen con 
tent. With austenitic steel, vacuum stream degass- 
ing causes hardly any reduction in the nitrogen 
content, especially when it contains titanium. 

As far as steel properties are concerned, the follow 
ing advantages 


were obtained by vacuum stream 
degassing, based on a production since 1952 of 
78000 tons of vacuum-treated steel, especially of 


670 rotors and inductor shafts. 
The removal of the hydrogen content by stream 
degassing, which is particularly important for heavy 
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Fig. 9—Flakes in high-strength rails, cooled in air after 
rolling 
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to complete freedom from flakes in all tests and in 
current production. This has been achieved not only 
with forgings of up to 1600 mm dia. without addi- 
tional heat-treatment for hydrogen diffusion, but also 
with heavy rolled blooms, which are cooled in air 
directly after rolling. In general, a hydrogen content 
of less than 3 ml1/L00g in the liquid steel is sufficient 
to obtain freedom from fiakes. 

This is also seen in the following example of particu 
larly flake-sensitive, high-strength rails (Fig. 9). No 
flakes were found in | 200 tons of rails made of steel 
from ladle to ladle 
after cooling in air directly after rolling. On the 
other hand, up to 100%, of rails made from melts 
cast without vacuum treatment, having the same high 
initial hydrogen contents, exhibited flakes, unless 
they were cooled slowly in a covered pit as usual. 

The reduction of the oxygen content in soft rimming 
steels leads to a considerable limitation of ingot segre- 
gation and a corresponding increase in the degree of 
purity. This is shown in Fig. 10 by Baumann prints of 
the centre of two ingots. Both ingots are from the 
same melt. The ingot on the left was cast in air in the 
ordinary way and reveals the normal segregation pat- 
tern for rimming steels. 


vacuum-degassed by casting 


The ingot shown on the right 
was cast in vacuo and held there for a certain time afte: 
casting. This has given a segregation pattern which is 
somewhat comparable to that for semi-killed steels. 


As has already been stated, the vacuum treatment of 


rimming steel reduces the oxygen content to one-fifth 
and also causes regular oxyge n distribution throughout 
the ingot. This means that rimming vacuum steel has 
idvantaves over semi-killed steel. and can be par- 
ticularly important for the production of heavy slabs 
for wide strip 

From the point of view of improving technological! 
properties, espec ially the vacuum 
treated steel, besides removing the risk of flake cracks 
the following observations have been made: 


toughness of 


1) A reduction in elongation and a reduction in 
area as a result of high hydrogen content does not 
occur with vacuum forgings. 

(2) Although ghost lines can still be seen in the 
Baumann print of forgings made of killed vacuum- 
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treated steel, nail heads and premature fracture no 
longer occur in tensile tests of radial drill cores 
no cracks occur due to the low gas content in 
segregation zone 





since 
the 


(3) The low total oxygen and inclusion content of 
vacuum-treated steel also leads to an improvement m 
toughness. A reduction in the transition point of the 
notch impact 
only under very limited conditions. of the order of 
A) Cc. The considerably stronger ettect of the degree 
of forging and heat treatment mask this effect im 
heavy forgings 

Vacuum treatment obviously does not take the place 


toughness temperature curve occurs 


of careful metallurgical processing, and can only have 
its full effect in conjunction with such an approach. 
Certain types and concentrations of inclusions cannot 
be removed even by vacuum treatment. 

\ forging of 12°,Cr—-Mo-—V steel with high creep 
resistance at elevated temperatures is shown in Fig. 1] 
as an example of regularity in technological properties. 
This is a turbine rotor with a forged weight of 26-3 
tons, made from a 40-ton vacuum The lowe 
half of the figure gives the technological data for the 
axial drill core of the rotor through the length of the 
The rotor could after ultra 
sonic testing without taking is could many 
similar forgings from this 1 


mivot 


rotor. have been used 
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Fig. 11 Forging in 12°,Cr—-Mo-V steel. Lower half of 
figure gives properties of an axially drilled core 
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Fig. 12—Diagram showing the continuous vacuum- 
casting method 


At Bochumer Verein AG vacuum stream de- 
gassing is used for those purposes which are important 
for the production programme. In a _ modified 
form vacuum stream degassing can easily be adapted 
for other requirements, e.g. on the one hand, for the 
production of tonnage steel, and on the other, for 
high-alloy steels in small ingots. This is demon- 
strated in the following examples. 

If vacuum treatment is to be applied to a large 
proportion of the output of a steelworks or to its 
total production, then equipment is recommended 
which offers continuous stream degassing without 
considerable work and expenditure. For example, 
as shown in Fig. 12, the ingots can be introduced into 
the degassing chamber and removed from it at the side 
through locks. An installation is shown in which 


rimming steel can be cast in vacuo and, after treat- 
ment, solidify in vacuo. 


It can also be used for killed 
steels. 
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Fig. 13—Apparatus for casting small ingots under 


vacuum 


MARCH, 1959 


DARMARA ET AL.- 


VACUUM-INDUCTION MELTING 


VACUUM TREATMENT OF STEEL 




















Fig. 14—Charging device for additions in the steel 


stream 


The Bochumer Verein process of multi-stage de- 
gassing (Fig. 13) represents a combination of vacuum 
ingot casting and ladle-to-ladle degassing. It pro- 
vides for the continuous degassing of rolling-mill ingots 
at very low pressures, without disturbance from the 
dispersion of the casting stream. This plant is 
recommended for especially high-grade steels with 
exceptional requirements as far as degree of purity is 
concerned. 

The addition of alloying and deoxidizing agents 
during vacuum stream degassing is carried out in 
special cases through a lock, as shown in Fig. 14. 

Experience with vacuum stream degassing has 
shown that this process can give gas contents in the 
steel which are otherwise unattainable in large-scale 
production. This refers particularly to hydrogen and 
oxygen. The technological properties which can be 
achieved, together with their consistency and in par- 
ticular the certainty of avoiding flakes, not only 
justify the introduction of the process, but make it 
indispensible for the production of heavy high-grade 
forgings. The process is well suited for making con- 
siderable improvements to rolled steel and can be 
adapted to the flow of operations in mass production 
without any considerable expenditure. 
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Vacuum-induction melting 


By F. N. Darmara, J. S. Huntington, and FE. S. Machlin 


INTRODUCTION AND HISTORY 


rHE HISTORY of production vacuum melting is 
another example of a familiar pattern: the adaptation 
to practical use of basic ideas conceived years ago 
\ US patent granted before 1867 for a 
vacuum furnace complete with vacuum locks, and 
other patents were granted in the 1890's for furnaces, 
as well as for a degasification technique. There is no 
record of a practical furnace until that developed by 
\rsem in 1907, which became the first useable tool for 


studying metallurgical reactions in the molten state 
l 


was 


im vacuo. 

The first production vacuum-melting operation 
arose from experiments conducted during World 
War I by Dr Wilhelm Rohn in Germany. His work 
on Ni-Cr alloys led to the founding of Heraeus 
Vacuumschmelze AG, which produced vacuum- 
melted heats up to 650lb in resistance-heated 
furnaces. Rohn reported decreases in the gaseous 
content of electron-tube alloys and increased cleanli- 
ness and workability for Ni-Cr alloys. The size of the 
furnace was increased during the 1920's after induc- 
tion melting was incorporated, and, beginning in 1939, 
10 000-lIb heats were produced Unfortunately the 
development of high-speed, high-vacuum pumping did 
not match progress in furnace design; consequently, the 
fullest benefits of the process could not be realized, 
since pressures of less than 2mm Hg could not be 
maintained. 

Concurrently with Rohn’s work, laboratory units 
sprang up throughout Europe and the USA; while 
these were able to use an improved degree of vacuum 
made possible by the newly developed oil-diffusion 
pumps, the melt size was usually limited to a few 
pounds. 

The impetus of World War II, with its require- 
ments for high-vacuum pumping installations for 
atomic-energy work and for the production of peni- 
cillin, and for blood-plasma processing, brought about 
thedevelopment of mechanical and oil-diffusion pumps 
offering much greater speed and reliability. As a 
result, metallurgists at last had at their disposal 
pumping equipment to meet their needs for larger 
melts at lower pressures. 

It is interesting to note. however, that the vacuum- 
melting industry did not grow as rapidly as might have 
heen expected in the first five vears after the war. By 
1951 only a few companies had what could be con- 
sidered production installations. Their activities 
centred around the production of pure gas-free 
copper, iron, and alloys used primarily in the electron- 
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> NOPSITIS 


A brief history 
equipment required for large-scale operation, including a 5 000-lb 


of vacuum-induction melting is given and the 


furnace, is described. Basie principles of the process are discussed 
and examples are given of improvements obtained in the physical 


properties of high-temperature alloys and certain steels. 1668 


tube industry, and the sizes of heats were 300 |b at 
most. 

About this time, the Utica Drop Forge and ‘Tool 
Corporation,* a major supplier of bucket forgings for 
jet engines, was experiencing difficulty in obtaining 
air-melted high-temperature alloy bar stock with 
properties consistent from heat to heat. This was a 
serious problem, since not only forgeabilitv but also 
stress-rupture life varied through wide limits, with 
the result that scrap rates were excessive and produc- 
tion schedules were impossible to meet. The alloys with 
the widest scatter were those nickel-based alloys 
containing appreciable quantities of aluminium and 
titanium present as precipitation-hardening agents. 
While the apparent chemistry met specifications in 
every detail, stress-rupture life varied widely from 
heat to heat, with an alarming percentage well below 
the specification limits. Because of the extremely ac- 
tive nature of aluminium and titanium, it was felt 
that vacuum melting might possibly afford a means of 
assuring that these elements were prevented from 
oxidizing in an uncontrolled manne the 
alloying and the pouring of the ingot. 

A small experimental furnace was built in 1952 in 
which Waspaloy was melted in 6-lb heats and tested 
The results were most gratifying, not only because more 
consistency in physical properties obtained, 
but also because the average stress-rupture life was 
increased by a considerable amount \ J48 
engine was fully bladed from metal melted in this 
furnace, bucket per heat, and the wheel 
put through standard tests as well as other more 
stringent The results excellent. The 
consistency of results with this small furnace led to 
speculation about what could be expected from large 
furnaces. Speculation led to action: in 1953, 100- and 
300-lb furnaces were acquired and installed. Gratify- 
ingly, it was found that heats from the larger furnaces 
gave no greater scatter of results. As melting practices 
were improved, properties continued to increase to the 
point where the specification for Waspaloy was raised 
considerably. 

It was not long before the distinct advantages of 
vacuum melting led engine manufacturers to specify 
vacuum-induction-melted alloys for buckets and 
blades. The demand for this material rose sharply, 
and larger furnaces were installed in Utica as well as 


during 


Was 
one was 


ones were 





in several other companies in the eastern USA. 
* Now a division of the Kelsey-Hayes Company 
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Fig. 1 Induction coil assembly for 5 000-Ib furnace 


showing vertical magnetic yokes 


Before long, improved alloys were developed, notably 
Udimet 500*, which had not only superior stress- 
rupture properties but also tensile strength at elevated 
temperatures, which made it extremely attractive to 
designers of structural members in the missile field. 

As furnace equipment became available in larger 
sizes, interest was aroused in fields other than high- 
temperature alloys: today large quantities of bearing 
steels and high-strength tool being 
melted. 


steels are also 


EQUIPMENT FOR LARGE VACUUM FURNACES 
Regardless of the size of the vacuum-induction 

melting furnace, the basic requirements are essentially 
identical and fall into the following categories 

(a) Melting furnace and power supply 

(6) Ingot mould and hearth 

c) Tank 

(d) Vacuum system 

(e) Auxiliary apparatus. 
The 2 200-lb furnace at Utica, in operating 
principle and requirements, is no different from the 
15-lb laboratory furnace. 


bask 


Melting furnace and power supply 


High-frequency induction heating is ideally suited 





* U.S. Patent No. 2 809 110 
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Fig. 2 Mould chamber for 5 000-1b furnace with mould 
table and cover in lowered position 


to vacuum-melting operations because the rate of 
melting and the temperature of the melt are easily 
controlled. In general, the induction furnace assembly 
is similar in design to its air-melting counterpart 
except that the coil voltage rarely exceeds 400 V 
The voltage is kept low to prevent corona and arcing 
which tend to occur in vacuum at pressures in the 
range 10-500 » on uninsulated coils. As furnace 
sizes become larger, the need for higher 
melting power raises the coil currents to such values 
that at 400 V the conductor size becomes very un- 
wieldy. The 5 000-lb furnace at Utica is designed for 
800 V and a melting power of 1 100kW It 
built by ASEA in Vasteras, Sweden, who also furnished 
the tanks and auxiliary equipment. Figure | shows the 
induction-furnace coil assembly before installation in 
the furnace tank. The induction coil is surrounded by 
vertical magnetic yokes, which press radially on the 
coil to give it rigid support. The yokes also provide a 
path for the magnetic flux outside the charge to 
permit the use of magnetic material in close proximity 
to the coil without danger of overheating. The power 
supply system for these large furnaces must be 
selected with great care. For a 5 000-lb furnace with a 
crucible of 25in. i.d., the optimum frequency for 
most efficient heating is about 900 c/s. It is extremely 


however, 


Wiis 
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important that vigorous stirring of the melt be 
obtained so that reactions at the melt/vacuum inter- 
face can proceed rapidly. The inductive stirring 
afforded by 900 c/s is not sufficient to bring about 
satisfactory movement of the melt without raising the 
temperature excessively. The ideal situation is one in 
which the rate of stirring can be varied independently 
of the rate of heating, thereby allowing the tempera- 
ture of the melt to remain at a fixed value and stirring 
to proceed at whatever rate is determined to be most 
effective. This result was obtained in both the 2 200- 
and 5 000-lb furnaces by the use of the dual-frequency 
system developed by ASEA in Vasteris, Sweden. In 
addition to the 1100 kW of 900-c/s power available 
for heating, low-frequency generators supply up to 
800 kVA of 30-c/s power to bring about stirring. This 
low frequency is applied independently to the same 
coil used for heating. Sixty seconds is sufficient 
time to mix an addition of 3°,Al and 3°, Ti com- 
pletely in a 2 200-lb charge. The time required for 
degasification has also been effectively reduced by 
this closely controlled stirring technique. 

The problem of ceramics for the crucible is one that 
leaves much to be desired so far as lining life is con- 
cerned. The refractory at present most widely used 
for vacuum-induction melting contains 70°,, magnesia 
and 30° alumina. In small furnaces up to 300 Ib, 
crucible lives of 50 or more heats are obtained with no 
difficulty. As the furnace size increases, the number of 
heats that can be made before a lining must be replaced 
decreases considerably. Much work is being done on 
this problem by refractory manufacturers as well as 
vacuum melters, and the final answers will lie not 
only in the selection of the proper ceramic combination 
but also in the size distribution, the method of ram- 
ming, and the means of firing the unsintered lining. 


Ingot moulds and hearth 


The moulds in which the ingots are cast are very 
similar to those used in conventional melting shops 
and the mode of hot topping varies from refractory- 
lined hot tops through exothermic linings to the use of 
electric-arc hot topping. The field of ingot casting 
still needs exploration to take advantage of one of the 
secondary features of vacuum melting, the ability to 
vary the pouring rate through wide limits with no 
possibility of contamination from the surrounding 
atmosphere. Indications point toward advantages 
that may be gained under certain conditions by very 
slow pouring rates. This can be accomplished with 
little difficulty in the vacuum chamber. 

Another important area of the vacuum furnace is 
the hearth on which the moulds are placed. In many 
early furnaces little attention was given to the need 
for sufficient space to enclose the variety of ingot 
moulds that are needed in production operations. 
Later furnaces were improved considerably. Some 
included tunnel-like chambers with vacuum locks so 
that a procession of ingot moulds could be moved 
into position, poured, and removed without breaking 
vacuum in the tank. The 5000-lb furnace has a 
mould chamber completely separate from the melt 
chamber (Fig. 2). This chamber has an 8-ft dia. 
turntable to accommodate a wide variety of moulds 
and to index them into pouring position. If it is 
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desired not to move the mould after pouring, a 
movable tundish is used, which directs the stream of 
metal into successive moulds. This mould chamber 
can be blanked off from the melting chamber; it has 
its own vacuum system permitting long-time solidifica- 
tion under vacuum or the installation of new moulds 
while a new charge is being placed in the melting 
chamber. The moulds are brought into position by 
means of a hydraulic ram, which raises the entire 
mould table and bottom cover into position. 
Tanks 

The tank required to house the melt, crucible, 
moulds, and associated equipment varies with furnace 
size and application. Small furnaces were easily en- 
closed in a vertical tank with a removable top cover. 
As furnaces grew larger and were designed especially 
for production applications, the vertical tank proved 
difficult to service between melts; most modern 
furnaces larger than 300 lb are enclosed in horizontal 
tanks, which give much better access to the inner 
parts. The tank for a 2 000-lb furnace approaches 
12 ft in diameter; larger furnaces require tanks of 
even greater size. In designing the 5 000-lb furnace at 
Utica, a radical departure from the horizontal tank 
was made; the top of the mould chamber is on the left 
and the melting chamber on the right (see Fig. 3). 
These two tanks are completely separated by the 
vacuum valve so that independent operations can 
proceed. Because of the magnetic voke structure sur- 
rounding the induction coil, the tank enclosing the 
melting chamber can be made from low-alloy steel and 
fits rather closely around the furnace coil assembly. 


Vacuum system 


There are several sources of gas which must be 


handled by the pumping system: 
1) The air present within the tank under standard 
conditions 
2) The air occluded in tank walls, refractory, ete. 
(3) Dissolved gases in the charge 
1) Gases resulting from reduction of oxides under 
vacuum 
5) Air leakage into the furnace from outside. 
The vacuum pumping system must be designed to 
handle these various gas loads ove 
pressures. 


a wide range of 
Two basic types of pump are required. 
Mechanical pumps provide the pumping capacity from 
atmospheric pressure down to about 200 yw; below this 
pressure they lose their efficiency rapidly. Oil-diffusion 
pumps with their jets designed to give highest speed 
from 1 to 200 1 are used to handle gas loads at these 
reduced pressures. These pumps remove the gases 
from the chamber and compress them to a pressure 
such that they can be pumped to atmosphere by the 
mechanical pumps. Many different diffusion pumps 
are available in a wide range of sizes. It is 
possible to obtain a single pump to handle all the 
gas loads from a 2 000-lb furnace. A slightly different 
approach was used, however, on the 5 000-lb furnace 
at Utica. Instead of one or two pumps of a large 
size, a multiple of small sizes were connected to a 
4-ft dia. manifold. Despite the fact that the area of 
the manifold is smaller than the total throat area of the 
pumps, little difference was observed between the 
theoretical pumping speed and the measured pumping 
speed within the melting chamber. In case of pump 


now 
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Fig. 3 


Operating platform of 5 000-lb furnace showing cover of melting chamber at right and upper 


cover of mould chamber at left. At extreme right can be seen the addition-making device 


failure, the offending pump may be isolated quickly 
without impairing the overall pumping capacity too 
severely. Figure 4 shows the 5 000-lb furnace pump- 
ing system, which consists of twelve 16-in. diffusion 
pumps backed up by four Roots-type blowers and 
mechanical pumps. ‘This pumping capacity is 
sufficient to evacuate the chambers to 10 » in 7 min 
and to handle the gas removed from the molten 
metal with a pressure rise in the melt chamber of not 
more than 10 ». Before pouring, the entire chamber 
is pumped to a pressure of approximately 1 x. 


Auxiliary apparatus 

Auxiliary apparatus includes such items as addi- 
tion-making devices, samplers, temperature-measur- 
ing devices, control systems, etc. A very important 
feature in many vacuum furnaces is the additions 
maker, which allows material to be added to the 
crucible in controlled quantities at any time during 
the melting cycle. There are two main approaches to 
this problem: (a) a system of cups within the furnace 
whose contents can be dumped into a chute, and (b) 
a vacuum-locked chamber to hold the material to be 
added to the melt. The 5 000-lb furnace has a vacuum- 
lock mechanism which can be loaded with 2 400 Ib of 
metal in twelve compartments. The contents of each 
compartment can be introduced into the crucible by 
means of a screw feeder at any desired rate. This 
arrangement makes it possible to charge the crucible 
and make subsequent additions without bleeding the 
chamber to atmosphere. Small quantities of a few 
pounds or less can be added through a vacuum lock 
above the crucible at any time. 
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To be certain that the chemical analysis of the 
final melt is within specification, samples are dipped 
from the crucible, withdrawn through vacuum locks, 
and analysed spectrographically. For proper control 
of temperature, both a disappearing-filament optical 
pyrometer and high-temperature dipstick thermo 
couples are used. The optical pyrometer is sighted on 
the surface of the bath through a window in a long 
narrow tube. 

Complete reliability of all components is necessary 
to operate large-scale vacuum furnaces successfully 
on a production basis. Unlike conventional air 
melting operations, where access can be had to prac- 
tically all moving parts at any time, in vacuum 
operations the melting furnace, tundishes, moulds, 
and addition makers are isolated in a tank and must 
be operated by remotely controlled manipulators. 
Mechanical failure may require the opening of the 
furnace for repair, which means freezing the melt, an 
expensive loss of time, and perhaps a scrapped heat. 
While the tendency in new designs is always toward 
more complicated equipment and instrumentation, the 
best assurance of trouble-free operation is to use the 
simplest mechanisms possible. 

A strict preventive maintenance programme is also 
important. Vacuum seals, bearings, valves, and elec- 
trical contacts must be inspected and cleaned at 
frequent intervals, in some cases after each heat. Dust 
deposits of evaporated metal, which collect on all 
cool surfaces within the melting chamber, are particu- 
larly detrimental and must be removed from rotating 
or sliding surfaces. 

Despite the excellence of furnace design, it would 
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be difficult to make consistent heats on a production 


basis without well trained operators. At Utica, 
operators are given a year’s training, during which they 
learn not only the mechanics of furnace operation, but 
also enough of the metallurgy involved to give them a 
full appreciation of the reasons for strict adherence 
to established melting practices. Such men must be 
relied upon to maintain the same degree of control on 
5 000-Ib heats as on laboratory melts. 


PRINCIPLES OF VACUUM-INDUCTION MELTING 
The question might be raised at this point as to the 


reasons for vacuum-induction melting. The equip- 
ment described might be very interesting and in- 
genious, but the question should be answered : * What 


are the metallurgical reasons making it worthwhile to 
construct such elaborate equipment ?’, and a stock- 
taking at this point is essential. 

Probably the most important metallurgical justi- 
fication for vacuum-induction melting is that of all 
known methods it provides the greatest degree of 
control over composition. The term * composition ° 
is meant to include not only the desired alloy additions 
but impurities as well. This control is achieved through 
the following capabilities: 

(1) To isolate the melt so that it can be treated as a 
system in the thermodynamic sense. Vacuum- 
induction melting does this by preventing gases 
from outside the svstem from contaminating 
gases in the system 
To control the pressure within the system 
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Fig. 4--~-Pumping 
system for 5000-Ib 
furnace 


(3) To stir the melt 
(4) To allow time for 
completion. 

The advantages of vacuum-induction melting 
accrue from these capabilities. In the simplest case 
the melt is prevented from coming in contact with 
oxygen and nitrogen from the outside. Because of the 
lower pressure, reactions can now take place or can be 
carried to completion faster than they would at 
atmospheric pressure. On the other hand, by melting 
under pressure, i.e. by melting under a gas at pressures 
higher than atmospheric, it is possible to carry out 
reactions that again are not possible at atmospheric 
pressures, Inductive stirring plays two important 
roles. It homogenizes the melt composition, and 
it brings reactants to the melt vacuum interface 
where the reaction can proceed rapidly to completion. 
The final capability of allowing time for the reaction to 
proceed is extremely important and has not been 
sufficiently appreciated in the past. It would be 
interesting here to consider some of these aspects of 
vacuum-induction refining in greater detail. 

The most important deoxidation reaction in 
vacuum-induction melting is the reaction C + O— CO 
The effect of pressure on the equilibrium carbon 
oxygen product is marked. For example. the theor- 
etical equilibrium concentration of oxygen in a 1°,C 
steel at 1 600° C varies from 0-005%, at 1 atm of CO 
pressure to 6 108°, at 0-01 mm of CO pressure. 
The latter pressure is easy to obtain in vacuum- 
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induction melting systems. 
oxygen has not yet been reached (the limitation is not 
a thermodynamic one), there is no reason to believe 
that the oxygen levels at present achieved are the 
minimum possible. This type of reaction can be 
used also to get rid of other elements, provided that 
they form volatile products. Such a reaction is 
desulphurization in nickel-bearing alloys. This reac- 
tion is shown in Fig. 5, which also illustrates another 
of the capabilities of vacuum-induction melting, the 
ability to allow time for refining to occur. As shown, 
about 60 min are required in a 6-lb melt to reduce the 
sulphur in 80-20 Ni-Co alloy from 0-03°, to 0-005°%,. 

Deoxidation proceeds in two steps: by boiling and 
by the elimination of CO at the melt-vacuum inter- 
face. It is believed that the latter step is rate-limited 
by the diffusion of C or O through the melt adjacent 
to the interface towards the interface. At sufficiently 
low values of the oxygen content it is believed that 
the melt reduces the refractory oxide comprising 
the crucible. Under these circumstances, oxygen is 
both supplied to and discharged from the melt. 
Moore? suggested this account for his 
observations of a minimum oxygen content as a 
function of time in low-carbon iron. 

Machlin® has recently considered the kinetics of 
deoxidation theoretically and has made certain 
predictions based on a model of the rate-limiting 
steps in deoxidation. According to this model, boiling, 
which is heterogeneously nucleated, ceases when the 
partial pressure of the boiling vapour at the nucleating 
site becomes less than the sum of the metal head and 
the pressure in the tank. Thus, boiling ceases to occur 
first at the bottom of the melt. Cessation of boiling is 
experimentally rapid, which implies that the boundary 
between active and non-active nucleating 
passes upwards rapidly to the top of the melt. During 
deoxidation, boiling accounts for the major loss of 
oxygen from the melt. The second stage of deoxida- 
tion is, however, equally important because it is just 
the remaining oxygen content that often comprises the 
major difference between what can be achieved by 
the present and by other vacuum-melting processes. 
During the second stage, induction stirring continually 
brings the melt to the melt/vacuum interface. 
According to Machlin’s model, the impurities are dis- 
charged by diffusion through the moving layer of 
melt adjacent to the interface into the vacuum, 
provided that they are also continually removed by 
the pumps or other traps. This process takes time. 
Time is allowed for this stage of refining in vacuum- 
induction melting, but it is absent in other vacuum- 
melting processes. The importance of this stage of 
vacuum-induction melting is illustrated by the 
following example. Recently the rate of removal of 
oxygen from a low-carbon iron in this stage has been 
measured at Utica. About 30 min are required to 
reduce the oxygen content from about 200 to 20 ppm. 
It is expected that slower-diffusing impurities would 
require longer refining periods. 

One of the most important contributions of Mach 
lin’s work is the prediction that the carbon-oxygen 
product of vacuum-induction-melted steels is not a 
thermodynamic parameter but rather a kinetic para- 
This prediction stems from Moore’s suggestion 
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Fig. 5 Desulphurization of an 80 20 Ni-Co alloy in 


vacuum 


that the crucible is a source of oxvgen and that when 
the oxvgen content of the melt 
low the crucible itself contributes oxygen to the melt. 
\t any given carbon level it is believed that a steady 
oxygen reached that 
ponds to the value at which the rate of deoxidation 
equals the rate of oxidation (oxvgen provided bv the 
crucible). The carbon steady-state oxygen product 
predicted by Machlin is not a constant (even taking 
activities into account). Rather, it is predicted that 
above a certain carbon content the oxygen concentra- 
tion approaches a constant value which is determined 
by the crucible, the bath size, and the diffusivities in 
the melt of oxygen and the metal component of the 
crucible refractory. \ comparison this 
prediction and the experimental values for pure iron 
containing carbon and oxygen obtained by P. ‘Turillon 
in our laboratories is given in Fig. 6. The minimum 
values of oxygen are believed to correspond to the 
steady-state values. As shown, the minimum values 
of oxygen content do appear to approach a constant 
value at high 
Machlin. For comparison, the calculated equilibrium 
curves for CO pressures of 76 and 2-9 mm Hy based 
on Chipman’s thermodynamic data‘ are shown dotted 
The curve corresponding to the carbon-oxygen 
equilibrium at 0-01 mm Hg pressure lies several orders 
of magnitude below the bottom dotted curve. 

The fact that the equilibrium curve corresponding 
to a pressure of about 3mm Hg of CO approximates a 
minimum line through the points at low 
contents has led Samarin® to conclude that there is 
little reason to melt in vacua below 3 mm Hg. In fact, 
this conclusion is further justified by Samarin on the 
that the head of melt inherently limits the 
minimum CO pressure that can be achieved in equili- 
with the The critical experiments to 
distinguish between these viewpoints remain to be 
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Fig. 6—Carbon-oxygen contents of vacuum-melted 
pure iron melted in magnorite crucibles 


conducted. We believe, however, that kinetic factors 
probably limit the minimum oxygen content. Operat- 
ing according to this belief we hope to be able to 
produce large melts of high-purity iron for the 
electrical industry containing less than 5 ppm each 
of carbon and oxygen in the near future. It is already 
possible with small melts and fused MgO crucibles to 


produce iron containing less than 20 ppm each of 


carbon and oxygen.® 

The divergence between this type of melting and air 
melting becomes apparent, and it should be obvious 
why certain elements, such as manganese and silicon, 
that are classified as deoxidizers in air actually do not 
act as such in vacuum-induction melting. For example, 
an actively boiling melt under a vacuum of 10, will 
continue to boil even though silicon is added to it; 
however, aluminium will kill the melt. Alumina is not 
easily reduced, although in nickel-based alloys it may 
be reduced at a pressure of 10 on long holding at fairly 
high temperatures of about 1 500°C. This will also 
explain why in properly made vacuum-induction 
melts there will be no silicate inclusions. On the 
other hand, it can also be seen why it is very easy to 
make an extremely dirty heat of vacuum-induction- 
melted material. If the refining is not carried out 
properly (e.g. aluminium is added just after boiling 
and the melt is poured immediately), an 
extremely dirty ingot will result, since these ingots are 
fairly smal! and not much time is available for floating 
out oxides. Vacuum-induction melting is thus not a 
panacea but is a more controllable method of melting. 
The quality of the product depends upon the intelli- 
gent use of the refining control inherent in the method. 

Another refining reaction that can be carried out in 
vacuum-induction melting is the volatilization of low- 
melting-point materials such as lead, arsenic, and 
bismuth. Although few data are available, the im- 
portance of this type of reaction should not be under- 
rated. It may be that some of the great improvement 
in properties, which will be discussed later, of vacuum- 
melted materials may be due in great part to the 
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volatilization of minute quantities of these materials. 
This problem is magnified by the fact that chemical 
and analytical methods are in most cases not advanced 
enough to permit quantitative determination of these 
effects; however, work is in progress in our laboratory 
that may throw some light on this problem. 

Another great advantage that accrues in this type 
of melting is the ability to maintain accurate control 
of the chemical composition. A heat can be duplicated 
over and over again to extremely close specification 
ranges; however, since quite a few of the normal 
alloying elements, such as chromium and manganese, 
volatilize rapidly in vacuo, the melting practice must 
be closely controlled and compensation made for the 
volatilization of these elements. 

APPLICATIONS OF VACUUM-INDUCTION 
MELTING 

In the previous section, the advantages of vacuum- 
induction melting were discussed. With these ad- 
vantages it is possible to produce certain products, 
which fall into certain natural groupings: 

(1) Alloys that contain reactive elements 
(2) ‘ Cleanliness ’ metals and alloys 
(3) Alloys requiring exceptionally close control of 
composition, 
Alloys that contain reactive elements 

Vacuum-induction melting has been found at 
Utica to be advantageous in producing alloys con- 
taining the reactive elements Al, Ti, B, Ce, Nb, Ta, Zr, 
W, and Mo. For example, the first two elements 
(aluminium and titanium) are contained in nearly all 


the nickel-based age-hardening high-temperature 
alloys. The improvements in the stress-rupture 


properties of Waspaloy by vacuum-induction melting 
can be demonstrated by a comparison of the air- 
melting specification for this material in 1952 and the 
present vacuum-melting specification, as shown in 
Figs. 7a, b, and c. Vacuum-induction melting has 
made it possible to increase both titanium and alu- 
minium contents in nickel-based alloys and thereby 
achieve the high-temperature strengthening associ- 
ated with these precipitation-hardening elements. 
Although these increases in strength are phenomenal 
and are to a large extent responsible for the power 
output and operating temperature of modern aircraft 
gas turbines, vacuum-induction melting appears to 
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Fig. 7—Waspaloy specification for air-melted material 
in 1952 compared with latest vacuum-melted 
specifications in 1958 
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Nickel-bas« 1600°F at 25000 Ib/in* 
Fig. 8—Effect of final oxygen content on stress-rupture 
properties of nickel-based high-temperature alloys 


alloy 


confer an additional advantage not associated with 
increases in the amount of precipitation-hardening 
elements. Jones’ has reported a correlation between 
rupture life of a nickel-based alloy and the oxygen 
content of the alloy in trace amounts; this correlation 
is reproduced in Fig. 8. According to this curve, as 
the oxygen content is decreased below about 40 ppm 
there is a marked increase in rupture life. The basis for 
this correlation is still not understood. However, 
work in progress in our laboratory confirms to some 
extent the existence of this relation. If the rupture life 
does depend upon the oxygen content in trace 
amounts, there is little doubt that further improve- 


ments in the high-temperature rupture strength of 


these alloys will be achieved in the near future. 

Not only is the high-temperature strength of alloys 
containing reactive metals sensitive to oxygen, but 
the workability, the ductility, the transition tempera- 
ture between ductile and brittle behaviour, and the 
electrical and magnetic properties are similarly sensi- 
tive, not only to oxygen but also to other imperfection 
and interface active elements (nitrogen, carbon, etc.) 
as well. Not all these interface active elements are 
harmful; boron, in particular, is extremely beneficial 
to the mechanical properties, in trace amounts. It has 
long been known that boron has similar effects in 
air-melted alloys; however, it is much easier to control 
this effect of boron in vacuum-induction-melted alloys 
because oxygen, which combines strongly with boron, 
is removed from the tank and melt before the addition 
of the boron. Freeman et al.,? Koffler et al.,® and the 
present authors have studied the effect of boron on the 


——— ——————— 





Fig. 9—Effect of boron on the ductility and stress- 
rupture life of Waspaloy 
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TABLE I 
Comparison of air-melted and vacuum- melted nickel 
aluminium-bronze alloy 


Air-melted Vacuum-melted 





Tensile strength, Ib/in* 90 000-115 000 


heat-treated 


120 000 -123 506 
heat-treated 


| 02°, yield strength, Ib/in* 40 000 70 000 86 200 90 000 


0.02% yield strength, Ib/in* 72 000 78 000 


} 
Reduction in area, %, 
| 
| 
| 


5-15 94124 
Brinell hardness 172-300 255 
Brazeability Poor Excellent 


| 


ee ne ——___—_— — 


properties of nickel-based alloys. The remarkable 
effect of trace amounts of boron on the rupture life of 
Waspaloy, a nickel-based alloy, is illustrated by data 
obtained in our laboratories in Fig. 9; only 15 ppm is 
sufficient to double the rupture life. It has been neces- 
sary, therefore, to control the boron content within 
very narrow limits to obtain 
results. Normal production heats 
trolled to within -- 5 ppm boron. 

Another example of a reactive-metal-containing 
alloy that has been melted at Utica is nickel-aluminium 
bronze. Some remarkable increases in properties have 
been obtained, as shown by Table I. Perhaps the 
most interesting result is that the vacuum-induction- 
melted bronze is brazeable whereas the air-melted 
bronze is not. 

The exploitation of this advantage of vacuum- 
induction melting (i.e. the melting of reactive-metal 
containing alloys) is still in its infancy. It is safe to 
predict that a host of new alloys with unusual proper- 
ties will be produced by this melting technique in the 
next ten years. 


consistent rupture 


are now con 


‘ Cleanliness ’ alloys 

Another group of alloys produced by vacuum- 
induction melting is based upon both the elimination 
of the atmosphere and the control of pressure; this 
group may be called the ‘ cleanliness’ alloys. Fore 
most in the group is 52100; in this alloy the primary 
effect of vacuum-induction melting is to reduce the 
population of oxide inclusions. The sulphide in- 
clusions in manganese-containing 52100 are unaffected 
by vacuum-induction melting. There is no gaseous 
sulphide known that has a sufficiently high free 
energy of formation to be able to vacuum-refine 
sulphur from iron, although it is possible to do this 
in nickel-based alloys. There are many techniques 
available, however, for refining the sulphur from the 
iron which do take advantage of vacuum-induction 
melting, e.g. the use of vacuum-induction melting 
to remove oxygen, followed by the combination of the 
sulphur with cerium. None of these techniques has 
vet been developed to production scale. The most 
promising from a commercial viewpoint is simply to 
remove the manganese from 52100, since it is believed 
that manganese is not needed in vacuum-induction- 
melted 52100 because the actual sulphur content in 
the raw material is much below the solid solubility of 
sulphur in manganese-free 52100. This vacuum 
grade of 52100 has the advantage of being the cleanest 
(most inclusion-free) grade for the lowest cost 
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Fig. 10-—Improvements of fatigue properties for 


vacuum-melted 52100 steels 


Concomitant effects of vacuum-induction melting 
52100 and other alloys steels are a marked increase in 
fatigue strength and a decrease in the impact trans- 
ition temperature. Until recently, most of our pro- 
ductive capacity was required to produce high-tem- 
perature alloys, and it has only been since the installa 
tion of new equipment that it has been possible to any 
vreat extent to produce vacuum-melted steels. 
quently, our data on improvements to be gained from 
vacuum-melting ferrous alloys are rather limited. In 
order to give a complete picture of the benefits to be 
gained by this data from other vacuum 
melting companies are presented below 

Moore? demonstrated a marked improvement on 
the fatigue behaviour of vacuum-melted 52100 over 
the commercial product. The results 
Fig. 10. He also found ** a small but definite difference 
in impact illustrated in Fig. 11 
where a reduction in the impact transition tempera- 
ture from 200° to 100° F is demonstrated. 

While the true reasons for the improvement in 
properties of this material are still a matter of con- 
jecture, the benefits realized in the final product are 
nevertheless real and impressive. Cobb," in a report 
on the testing of 52100 
pared with similar products made by vacuum melting, 
marked increase in bearing life using the 
latter material (see Fig. 12.) 
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Fig. 1! Effect of vacuum melting on impact transition 
temperature for 52100 
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Fig. 12 -Comparison of bearing life of several commer- 
cial air-melted bearings with vacuum-melted 
bearing materials 
Another high-strength steel, 45340, has been im 


proved both in impact strength and tensile ducility 
particularly in the These 
results. discussed by shown in Figs. 13 
and 14 


transverse direction. 
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Close composition control 

The control that achieved in 
vacuum-induction melting is illustrated in Fig. 15 
The deviation in analysis from heat to heat is less 
Alloys 


thus be 


degree of can be 


than the error inherent in the analysis itself, 
variation can 
advantageously produced by vacuum-induction melt 
ing. One such alloy is the heat-treatable balanced 
stainless steel. We are 
production of this alloy using yet another control 
feature, the ability to introduce controlled amounts of 
nitrogen by controlling the partial pressure of nitro- 
gen above the alloy. Other alloys that may fall into 
this class are those for magnetic applications, where 
smal] variations in nickel content vary 
properties by undesired amounts 


sensitive to compositional 


austenitic investigating the 
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ECONOMICS 


This subject has been discussed at length by 
Darmara.!? The main point of his argument is that a 
fair comparison between air and vacuum melting can- 
not be determined on the basis of cost of the melting 
operation alone, but that technical considerations 
such as specifications to be met must be considered 
There is no question that vacuum-induction melting is 
melting operation 


an expensive The equipment is 
{uty 


Fig. 13 Effect of vacuum-induction melting on transi- 


tion temperature of 4340 steels 
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Fig. 14--Comparison of tensile ductility of 


and air-melted 4340 steels 


vacuum- 


complicated and the capital expenditure per pound 
produced is much higher than with standard facilities. 
Furthermore, maintaining equipment of this nature 
in peak running condition requires trained and skilled 
The key to con 
tinuous production depends on the efficiency of the 
maintenance set-up and the existence of a realisti: 
preventive maintenance program me These « are 
of course, reflected in the cost of the final product 
However, these high are partly compensated 
by a decrease in total scrap, so that 
more saleable product results from a giv melt 
weight. This ratio, which is the obviously 
depends upon the severity of buyer's specifications. 
The following an ilysis, which is still valid, is taken 
from a paper by two of the present authors.'? The 
analysis is based on Waspaloy 
alloy in use in the USA The base price of this alloy 
air-melted is about $6.00, while that of the vacuum 
induction-melted alloy is about $7.00. Figure 16 shows 
the mortality of heats air-melted and vacuum-melted 
If the purchase spec ification for stress-rupture Is set 
at 90h and an attempt is made to meet this with 
air-melted material, the rejections of heats would 
amount to 50°,. At about 100h almost 75°, of all 
heats would have to be scrapped and, in order to meet 
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Fig. 15—Reproducibility in the achievement of com- 
position control in consecutive heats: (a) aluminium 
in Waspaloy; (6) titanium in Waspaloy 
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Fig. 16 Comparison of mortality of a) air-melted 


Waspaloy; (6) early vacuum-melted Waspaloy; « 
present vacuum-melted Waspaloy 


his costs. the manufacturer would have to triple his 
selling price. On the other hand, vacuum-inductior 
melted material easily meets a specification of 300 h 
It is therefore. that vac 
material is economi illy advantageous for m 
purchased to rigid specifications, and 


these an be met ONY by 


seen uum-induction-melted 
iterials 
that 

sper iheations ¢ 
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Correspondence on the paper 


The electrical resistivity of high-purity iron—carbon alloys* 


By S. V. RapciirFE and E. C. ROLLASON 


Mr J. Barford and Mr J. §. White (University of 
Liverpool) wrote: As stated in the paper, certain physical 
properties of mixtures can be calculated from the 
property of each of the components by use of the equa 
tion: 

ck = E08, (1) 
where the volume fraction of the ith constituent is ;, the 
physical property is e;, and the resultant property of the 
mixture is e. The value of the index k is restricted to the 
range i< km 1, depending on the form and disper- 
sion of the constituents. To justify theoretically the use 
of a semi-log plot relating resistivity to the volume 
percentage of cementite, & must be constant, or reason- 
ably so, over the composition range studied and its 
value must be such that—4<ck< 4. Only by 
making these assumptions is it possible to derive the 
relationship 

Ine = £0; Ine; (2) 

It seems that the authors have applied equation (2) to 
a set of observations that do not comply with these 
limiting conditions. This can be shown by using their 
values for p cementite and p ferrite to calculate the value 
of k for each of their results. As shown in Fig. A, 40% 
of the k values are greater than + 4, and for alloys 
containing less than 2 vol-% of cementite the value of k 
is greater than 1. This latter result is impossible, and so it 
must be concluded that the value of p cementite deduced 
from the authors semi-log plot (Fig. 4) is seriously in error. 

The experimental resistivity data is of a high order of 
precision. In view of this it is unwarranted to weigh 
certain points arbitarily by using a semi-logarithmic plot. 
Even so, the point representing the eutectic alloy does 
not lie on the line and so has no influence on the value of 
p cementite deduced. It is suggested that the relation- 
ship between resistivity and carbon content is better 
represented by a smooth curve passing through all the 
points. This suggestion is supported by recent results 
which we have obtained with high-purity Fe-Mn-C 
alloys. The resistivities plotted as a function of carbon 
content, for a constant manganese series, lie on a smooth 
curve. Compared with the results obtained by Radcliffe 
and Rollason, the curvature at low carbon contents is 
accentuated and made more apparent, presumably owing 
to the effect of manganese. 

The discrepancy between the value of the resistivity of 
pure iron obtained by the authors and the values 
reported by other investigators is attributed to the 
presence of 0-005°,C retained in solution in a-iron. The 
discrepancy can be explained in a less sophisticated way. 
It appears from the paper that Radcliffe and Rollason’s 
result refers to 24°C, whilst Pallister and the National 
Bureau of Standards quote their values for 20° C. From 
Pallister’s results we have calculated the coefficient of 
resistivity for pure iron to be 0-054 pQ-em/°C,. Thus, 
correcting the authors’ result to 20° C gives a value of 
9-70 n.Q-em, the values obtained by the National Bureau 
of Standards and Pallister being 9-71 and 9-81 pQ-cm 
respectively. 





* JIST, 1958, May, vol. 189, pp. 45-48. 
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Fig. A—-Index k as a function of carbon content calcu- 
lated from equation (1) using the authors’ experi- 
mental data Pres 79-5 pQ-cm) 


AUTHORS’ REPLY 
Dr §. V. Radcliffe (MIT) and Professor E. C. Rollason 


(University of Birmingham) wrote: It is interesting to 
note that Barford and White have been using Radcliffe’s 
original apparatus for tests on Fe—Mn-C alloys and that 
they raise two criticisms of our paper, both of which are 
invalid. The suggestion in their last sentence completely 
misses the point, in that the extrapolated value of the 
resistivity of pure iron with which the measured value 
agrees so well is only given to promote confidence in the 
extrapolation of the same line to give the value of the 
iron carbide. Further, we state in Table I that resistivities 
were preserved at 24°C. 

Their main argument seems to be invalid owing to a 
slip in their mathematics. 

In expanding equation (1) 


. k 
x; 9; €; 


k = 
. , 


logarithmically, they have assumed that if A 
then 
In B + 


In A InC 


whereas correctly, 
In A =In(B+C) 


It was precisely because of this difficulty of direct 
logarithmic expansion that our initial assumption that 
+ 4°>>k > — 4 was made. On inserting our results in the 
resulting equation (2) of the resistivity paper we obtained 
a good straight line — which is surely indicative that the 
equation is applicable. As to the assumption that 
+ 4 >k> — }, inserting our values for pp, and pre, 
into equation (1) gives values for k of slightly less than 

0-25 for all values of @ from 0-05 to 0-95, i.e. 5-95 
vol-% Fe,C, well within the required range for k. The 
Barford and White suggested value of ppex 190 thus 
is quite unacceptable. 

The comment on the impossibility of the results fitting 
both linear and logarithmic plots might be valid if we 
had plotted the same data in both plots; in fact we 
plotted p/wt-%C and log p/vol-% Fe,C. 
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THE TRON AND 
INSTITUTE 


Annual General Meeting 1959 


STEEL 


The Annual General Meeting of the Institute 
is being held in London on Wednesday and 
Thursday, 6th and 7th May. The technical 
sessions will include a two-day meeting on 
recent developments in the application of 
oxygen to steelmaking, at which papers from 
Europe, the United Kingdom, and the USA 
are to be presented and discussed. 

The Dinner for Members will be held at 
Grosvenor House on the evening of Wednes- 
day, 6th May. 

Full details of the Meeting will be published 
in the April Journal. 


New Special Report 


During an investigation into the cause of 
ingot surface defects and their influence on 
the product, the Ingot Surface Defects Sub- 
committee of the British Iron and Steel 
Research Association became aware that there 
was a lack of uniformity in the names applied 
to the defects under review. To reduce the 
confusion of terms and better 
understanding of the nature and causes of 
such defects, the Sub-committee selected 
those most commonly encountered 
assigned to them the most apt term. 

The first edition of this survey appeared in 
1951 as No. 44 in The Iron and Steel Institute's 
Special Report Series, and was quickly sold 
out In view of the many requests for copies 
of what is now a standard work of reference, 
it was decided to issue a second edition, with 
some important additional material. Through 
the courtesy of Richard Thomas and Bald 
wins Ltd., The Steel Company of Wales Ltd., 
and John Summers and Sons Ltd., the Sub 
committee has been able to include an adden 
dum devoted to surface defects in steel strip 
products 

The edition is now available as 
Special Report No. 63, ‘“ Surface Defects in 
Ingots and Their Products 
quarto pages, illustrated with 134 excellent 
photographs of surface defects, and bound 
in cloth with stiff board covers. The Report 
costs £1 5s. Od. (15s. Od. to Members) 
may be obtained from the Secretary, 
and Steel Institute, 4 Grosvenor 


London, 8.W.1. 


promote a 


and 


second 


’; it consists of 62 


; copies 
rhe Iron 
Garde ns, 


NEWS OF MEMBERS 


Mr Arnold Carr has been appointed chair 
man of Thomas Smith and Sons (Rodley) 
Ltd., John Smith (Keighley) Ltd., and the 
Widnes Foundry and Engineering Co. Ltd. 

Mr W. F. Cartwright has been appointed a 
director of Davy and United Engineering 
Co. Ltd. 

Mr E. W. Colbeck is now deputy chairman 
of Hadfields Ltd. 

Mr F. Cousans has been appointed managing 
director of Hadfields Foundry and Engineering 
Ltd. 

Mr D. K. Coutts has taken charge as manag- 
ing director of the Nickel Information Bureau 
recently set up at Melbourne, Australia, by 
the Inco-Mond Group of Companies. 
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Dr W. Davies, head of the minerals section 
f the Research and Development Department 
of the United Steel Companies Ltd., has bee 
additionally appointed 
to the companies. 

Mr G. D. Elliot, 0.3.1 
to the board of the Appleby-Fro 
Company 

Major H, G. Freeman is now dep: 
man of Hadfields Foundry and Engn 
Ltd. 

Mr Sven Frisell, founder managing director 
of Swedish Iron Ore Ltd. and of Algerian 
Iron Ore Ltd., has resigned from the boards 
of both companies on reac hing retirement age 

Mr I. George has left the Distillers Company 
Ltd. to become works metallurgist at the 
Witbank. Transvaal, works of Ferrometals 

Mr I. M. D. Halliday is now in charge 
continuous-casting research at the Resear« 
and Development Department of the 
Steel Companies Ltd 

Dr J. B. Haworth is now technic: 
to the Sales Manager of the Freepo 
Company, in New York. 

Mr C. Holden has been appointed head of the 
furnace research section at the Research and 
Development Department of the United Steel 
Companies Ltd. 

Mr A. D. Hopkins is now Sen 
Metallurgy at the College of 
Birmingham 

Dr J. E. Hurst, c.s.r., has been awarded 
Company Medal in bronze by the Worshipfu 
Company of Founders. 

Mr E, T. Judge has been made assistant ms 
aging director of Dorman Long (Steel) Ltd 

Mr A. 8. de Muinck Keizer retired from th 
| i. ofchairman of the managing direc 
of Koninklijke Demka Staalfabriek N.V 
on Ist January; he has been appo 
member of the Board of Directors 

Mr J. N. Kilby has been made a F* 
rhe Institution of Metallurgists 

Mr §. C. G. Maulik has joined the Hin 
Steel Private Ltd., Durgapur Steel Pr 
superintendent, steel melting shops 

Dr J. W. Nordenson has 
Chairman of Swedish Lron Ore Ltd 

Dr J. G. Pearce, ©.8.8., has been 
Company Medal in bronze by the Worst 
Company of Founders 

Mr T. W. Pease has been appointed 
lirector of Hadtields Ltd 

Mr R. H. Pinder has joined William Robert 
son and Co. Ltd. as assistant works manager 

Sir William Scott, 0.B.r., has been appointed 
a director of Head Wrightson Teesdale Ltd 

Mr F. J. Somers has been appointé 
man of Walter Somers Ltd 

Mr K. E. A. Sunstrém has retired from the 
position of technical director of Gunnebo 
Bruks AB. 

Dr P. H. Sykes has resigned from the board 
of the British Oxygen Co. Ltd. on taking up 
an appointment with A. E. Reed and Co. 

Mr G. Wood has been appointed managing 
director of Hadfields Forgings Ltd 

It was reported in our December, 1958 and 
January, 1958, issues that Mr L. R. Evans 
had been appointed a director of the English 
Steel Spring Corporation Ltd This informa- 
tion was incorrect; Mr 
pomted a director of the English Steel Castinys 
Corporation Ltd 


r Lecturer in 
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ositio 


been ipp 


d chair- 


Evans has been ap 
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Obituary 


Percival Thomas Carter, 
1 1945), f Cardross 
( lent 
Mr Eric Drewery (elected 
in February, 1958 
Mr John Dunbar, M.1.MecH.: 
»f Musselburgh 
Mr Edward William Harpham 
f Ebbw Vale, on Ist January, 1959 
Mr Ernest Wilfred Jackson, ¥.n.1 
1904), of Middlesbrough 
Mr Hebbalam Srinivasa Sastri, » 
elected 1946), of . 


September, 1958 


IRON AND STEEL 

ENGINEERS GROUP 
Meeting in the Netherlands 

vitation of Mr A. H. Ingen 

nt), who wag until hia res 

tir nt President of the Royal Neth 
Biast Fun d Steelworks Ltd., the 
and Steel Eng ers Group 1s Iding a meeting 
in the Netherlands from Tues , 14th April 
to Friday, 17th April. © programme is as 


follows 


1937), 


tangoon, Burr 


unds 
Iron 


Tuesday, 14 1 pril 
2.30-5 p.! 
Technical session at 
Kra ipolsky, Amsterdam 
, Chairman of the G 


( he world ire 
Wheeler, B.F 


ur, (ue- 
sSnarp 
ilities Ww Se n 
H. Sharp 
and handling « ( in 
\ Nichol 1 
ships in the 
Mills. 


Islands, 


9.30-12 1 
Technical 
Kr ASIiL 
presented 


session 
+polsk 


m the pr 


10-5 p 
Technical session at th: 

Krasna polsk Presentati 

ission the fol ving paper 


Ore crushing,’ by A. Ky 


,ard 


ening blast-furnace 


H. N. Wilkinson 


burden 

und Kk. | 

ilbot,”’ by J. Robso 
wrdiff,”” 


Or 8 


hand 


yedding plants, 
Kh. Bartran 
Thursday, 16th 
Ja.m.—10 p.m 
All-day visit to the Royal N lands Blast 
Innaces ¢ eelworks Ltd., IJ muiden, 
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Friday, lith April 

8.56 a.m.- 11.30 p.n 
All-day visit to Rotterda: Visits wil 
paid to the Rotterdam Dock ¢ 


Ltd., and the Muller-Har handling 
installation. 
Preprints of all the papers to be pr I 


with the exception of Mr Wheeler's lecture 
will be available in advance of the meetir 


A bound volume of proceedings of the meetin 
will be published later in the al the | 
tute’s Special Report Seri 
The maximum number of member who 
will be able to attend the v - IJrou 
ind Rotterdam will be 150; it , however, 
be possible to accommodate up to 250 at th 
technical session in Amaterdan N otice 
nd reply forr have already been circulated 





POWDER METALLURGY 
JOINT GROUP G. F. Bandel W. Coupette L. Mair 


Meeting on sintering CONTRIBUTORS TO THE JOURNAL 
rhe next meeting of the Powder Metallurg 
C. J. Ball, #.a., PH.v Lecturer in Physics, to the development of vacuum degassing 


Joint Group is being held at Church House, Mi : Coll | ; { rie oe } Y 
. akerere College ampale rande steel on ¢ oduction basis 
Great Smith Street, London S.W.1, on Wed ‘ Se gence : nll ag . ee 





























pee bee: . Aig Dr Ball was born in Calcutta in 1932 and L. Mair—Senior Metallurgist, Shape Pro 
un oi aoe a  Thesreti pr scarl - educated at Truro School and Q ot ns’ College, ducts, Service Departme nt, Inland Stee 
sintering "’ is to be presented and discussed Cambridg where he obtained a Class I in Part Company, East Chicago, Ind., U.S.A rutho 
All the papers are being published in advan« I Oo the Natural Sciences Pripos in 1952, paper in January issue , ‘ 
i) the next issue of the Group's journal, followed by a Class Il in the second part Logan Mair was born in 1916 at Renfrew, 
Powder Metallurgy Visitors are weleomed, the following ~ He carried out rgeuire SCOUARG He received his education at the 
and tickets are not required at the ( ave ndish Laboratory trom 1953 until Hammond public schools, Hammond, Indian . 
Go ts evening of dic socctine thew wall 1958, when he took up his present post He joined the Inland Steel Company in 1935 
be an informal conversazione at the offices o Ds oe i pest — “* ting — ar oS ae hy cote ye BE gece =" noe 
The Institute of Metals The number of Svaren = ss row _—— vesearch aes. sow: . — cap eee 
tickets is limited to about 200; they will be Scholarship in 1954 : At velopment department before being ap 
restricted to members of The Iron and Steel G. F. Bandel, pr.ruu Research Depart Pee a Seer stig » 
Institute and The Institute of Metals and their ment, Bochumer Verein fur Gussstahlfabrika 2. =. Pearson, , P.IM.-Research 
personal guests Applications for tickets — AG, soch un, German) Manager, Consett h ( Ltd . 
should be sent to the Secretary, Powder Gert ard Bandel received Nis vetallurgical Thomas Pearson was educated at Dudley 
Metallurgy Joint Group, 17 Belgrave Squar. education at Gottingen University, where | Grammar School and Birmingham University 
; ’ e i , obtained his doctorate in 1930 For the next where he obt { rst-cl leyre ir 
London S.W.1 , : . ' : . , 
Phere will be a small exhibition of specimens hes we ne wee nee to Professor is metallurgy. ge dee es ine i h ees 
apparatus, photographs, et: irl eR Tammann at Gottingen In 1934 he becarn ship and a Bowen Kesearch Scholarship 
; - 1 member of the research staff of Fried He was subsequently also awarded a Carnegie 
intering at the conversazione Those wish Krupp AG at Essen He joined the Récl Scholarship to continue work on raphi 
ing t offer an exhibit should communicate 4 E 4 5 zen ’ a e . 
ts. SRE age aso ie i dike ate dln lingsche Eiser ind Stahlwerke, Volkingen, tization in Fe-C-Si alloys, for which he wa 
n 1946, where he remained until 1951, when iwarded the degree « 
wn . . 7 _— 2 Ur h was appointed manager of the research After working witl boleh » Vaughar a 
BRITISH NU CLEA R ENERGY department of Bochumer Verein Dr Bandel im assistant metallurgist and later assistant 
CONFERENCE is especially concerned with the propertie melting-shop manager at the Cleveland works, 
° ° and development of alloy steels for high Mr Pearson joined the British Non-Ferrous 
Meetings in March temperat ire use Metals Rese ro Association in 1936 as a 
The Joint Panel on Nuclear Marine Pro W. Coupette  Bochumer Verein fiir Guss senior research assistant; he was engaged in 
pulsion is sponsoring the meeting to be held stahlfabrikation AG, Bochum, Germany work on the melting and casting of bronzes 
on 3rd March at the Institution of Marine Werner Coupette was born in 1908 at Duis and nickel silvers In 1939 he joined Colvilles 
Enginee 76 Mark Lane, London E.C.3, burg-Ruhrort, Germany, a member of a Ltd. at the Dalzell Works, later transferring 
starting at 5.30 p.m Dr H. M. Finniston is family that has been connected with iron and to the Clydebridge Works as plant metal 
to deliver a lecture on Metallurgical prob steel production for several generations He lurgist, where his chief interest was in steel 
lems related to nuclear propulsion of ships studied ferrous metallurgy the Technical making and the application of mixed-gas 
The main event during the month 1s the University, Berlin-Charlottenbury, under Pro firing to open-hearth furnace While with 
lecture symposium on “ Geneva, 1958,’ which fessor Dr R. Durrer, and after obtaining a Colvilles, he was awarded a Willams Prize 
is being held at Central Hall, Westminster, on distinction in his final examination in 5, by The lron and Steel Institute in 1945 for 
i3th Mareh The 2 000 papers presented at joined Bochumer Verem He took up a post work on the citric acid solubility of O.H. slags. 
the 2nd International Conference on the in the works research departinent, becoming Mr. Pearson joined his present company as 
Peaceful Uses of Atomic Energy have beer its head in 1942 His doctorate thesis was o1 hiet technical officer in 1947, and was ap 
classified into seven groups; leading experts in the subject of ter jualities of heavy forg pointed research manager in 1958. While at 
each field will attempt to highlight the most ings In the course of further metallurgical Consett he has been principally engaged in 
important aspects of the new information in a researches, prin ipall concerned with gas the developme nt of new steel ind steel 
series Of expository lectures content and solidification processes of steel, naking processes 
The programme is as follows he obtained experience and information that C. F. Schrader, 8.s Superintendent, Metal 
MORNING SESSION was to prove invaluable when he later turned lurgical Department, Inland Steel Company, 
9.45-10.30 Geneva, 1958, by Sir John 
Cockcroft, O.M. 
10.35-11.20 * Developments in physics,’ by 
J. V. Dunworth and others 
11.25-12.10 Power reactors,” by Professor 
J. Diamond and others 
12.15-1.00 Developments in reactor tech 
nology,” by H. Kronberger and 
others 
AFTERNOON SESSION 
2.30-3.15 Metallurgical developments,” by 
H. M. Finniston and L. Grainger 
3.20-4.05 Chemical processes,” by Professor 
J. M. Kay and others 
$.10-4.55 Thermonuclear processes, by 


Db. W. Fry 
Admission is free to members of constituent 
- ieties (Of which The Lron and Steel Institute 
is one) and their guests. The papers are being 
printed in the April issue of the Journal of the 


BNEC, T. F. Pearson C. F. Schrader A. Sickbert 
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Silver 
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W. Hunt Medal of the AIME in 1957 
The most recent installation at Bochum with 
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steelworks, which went operation at the 
end of 1957 

Dr Tix was 
degree by the 
Mining Academy, Clausthal, in 
nition of his achievements in the 
modern iron and steelmaking 

M. Tenenbaum, Pu.p 
Manager, Pechnical Inland 
Company, Kast Chicago, Ind., U.S.A 
of paper in January Journal 

Dr Tenenbaum was horn a St Paul, 
Minnesota, in 1914 educated at the 
University of Minnesota, where he obtained 
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University 
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Joint Committee for National 


Certificates in Metallurgy 


The report for 1957 
ittee for National Certificates in 

Ing has recently been published 
1958 there were 728 candidates for the 
uy National Certificate fron 3Y technical 
of these, 373 were warded 
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bv the Institut de techerches de la Sidérur 
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10th Mar. Suervietp Ms 
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llth Mar. 
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L I 
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2nd 


JOURNAL OF THE IRON AND STEEL INSTITUTE 








280 


ference on the Peaceful Uses of Atomic 
Energy—Central Hall, Westminster, 9.45 


a.m. 

13th Mar.- Puysics—Discus- 
sion meeting on “* What industry requires 
from non-destructive testing ''—Institution 
of Electrical Engineers, Savoy Place, 
London W.C.2, 2.30 p.m. 


INSTITUTE OF 


“ 


13th Mar.—Norru Wates METALLURGICAL 
Society and Roya. Instirvure oF 
Curemistry (North Wales Section) 


Nuclear metals,” by Dr A. B. 
—-Flintshire Technical College, 


McIntosh 
Connah's 


Quay, 7.15 p.m. 
13th Mar.—West or Scortanp Iron anp 
Steet. Instirutre and Tue IRon anp 


Stee, Enoineers Grourp—“ The instal- 
lation and commissioning of an 80-ton 
electric-arc melting furnace,” by P. M. 
Thomas and A. MacNaughton—39 Elm- 
bank Crescent, Glasgow, 6.45 p.m. 

15th Mar.—-Newrorr anv Districr Merat- 
LuURGICAL Sociery—Annual Meeting 
Whitehead Institute, Newport, 7 p.m. 

16th-17th Mar.—Peppinauavus FLAME 
HARDENING CONFERENCE—Essen, Ger- 
many. 

16th-20th Mar.-Natrionau AssociaTION 
or Corrosion ENGINEERS—Annual Con- 
ference—Chicago, Ill., U.S.A 

16th Mar.—-SuHerrietp Society or Enain- 
EERS AND METALLURGISTS AND SHEFFIELD 
METALLURGICAL ASSOCIATION——“ The con- 
version of a high-lift blooming mill to a 
universal slabbing mill,” by C. E. H 
Morris and R. N. Dale—Engineering 
Lecture Theatre, St. George’s Square, 


Sheffield, 7.15 p.m. 

17th Mar.—Snerrietp METALLURGICAL As- 
SOCIATION. (Refractories Group)—“ Re- 
fractories usage in steelmaking abroad, 


by C. 8. Hedley 
Sheffield, 7 p.m 


BISRA, Hoyle Street, 


18th Mar.—Liverroot METALLURGICAL 
Socrrry—Visit to Magnesium Elektron 
Ltd 

18th Mar.—MaANcHESTER METALLURGICAI 


Socrety—* Metallurgical background of 
casting production,”’ by A. Cibula—Cen- 
tral Library, Manchester, 6.30 p.m. 

18th Mar.—Socrery or Cuemicat INpusTRY 
Corrosion Group) * Economic aspects 
of corrosion,”’ by A. Keynes—-14 Belgrave 
Square, London 8.W.1, 6.30 p.m. 

19th Mar.—SrarrorpsHIRe IRON AND STEEI 
InsrirutE—‘' Nuclear power reactors and 
heat exchangers at Berkeley Power Sta- 
tion,’ by S. H. Griffiths—Station Hotel, 
Dudley, 7.30 p.m. 


20th Mar.—Esew VaLe METALLURGICAL Sox 
teTy-—Annual Dinner. 

2ist Mar.—Swanskea anv Disrricr Merat- 
LURGICAL Socrery—Annual Dinner 

24th Mar.—INsrirurion or Navan ARrcHI 
rECTS Annual General Meeting —10 


Upper Belgrave Street, London 8.W.1, 
10.15 a.m. 

24th Mar.—-Newrortr anp Drsrricr 
LURGICAL SOCIETY 
tronica,”’ by N. R. 


METAI 
* Metallurgy in elec- 
Howard—W hitehead 


Institute, Newport, 7 p.m. 

Slst Mar.—SuerrieLp MerraLturGican As 
SOCIATION Titanium production and 
properties,” by J. W.S. Stafford—BISRA 
Holye Street, Sheffield, 7 p.m. 

2nd Apr.—Leeps Meratturcicat Society 

Special steel manufacture,” by D. Hall 





Low Moor Alloy Steelworks Ltd., 
Bradford, 7 .15 p.m. 
3rd Apr. Lixcotnsaire IRON AND STEE! 


InsTiITUTE— 26th Annual Dinner 

5th-10th Apr.—American Cuemicat Soc 
ETY--135th Meeting— Boston, Mass., USA. 

6th Apr.— CLEVELAND INSTITUTION oF 
ENGINEERS * Iron and steel works 
maintenance,”’ by A. V. Williams—Cleve 
land Scientific and Technical Institutior 
Middleshb rough, 6.30 p.m 

6th-12th Apr.— 5th METALLURGY-SKIING 


Meetinc—St Christoph am Arlberg 








Tyrol, Austria 
7th Apr._-East Mipranps METALLURGICAI 
SOCIETY Annual General Meeting and 


Vetallurgical examination of 
by G \ C* 


failures,” 


ttell—Electricity Lecture 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


ANNOUNCEMENTS AND NEWS 


Theatre, Carrington Street, 
7.30 p.m. 

8th Apr._-[nstituTion or ENGINBERING 
Inspection—* Control and inspection of 
resistance-welding’’, by C. L. Railton 
Birmingham Exchange and Engineering 
Centre, 6.30 p.m. 

9h Apr.—LiverrooL METALLURGICAL 
Socrery—l1lIth Annual General Meeting, 
and ‘* Boron in ateel,” by F. B. Pickering 
—Department of Metallurgy, University 
of Liverpool, 7 p.m. 


Nottingham, 


BRITISH IRON AND 


10th Apr.—British Nucitear ENERGY Con- 
FERENCE—‘‘ Canadian atomic energy de- 
velopment in review and prospect,’ by 
W. B. Lewis (James Clayton Lecture 
Institution of Mechanical Engineers, | 
Birdcage Walk, London S8.W.1, 6 p.m. 


10th Apr.—West or Scottanp IRON AND 


STEEL InstiruteE—Symposium on open- 
hearth maintenance-——39 Elmbank Cre- 
scent, Glasgow, 6.45 p.m. 
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The following translations are now available, 
in addition to those given on p. 196 of the 
February, 1959, issue of the Journal 

981. Bastien, P., and P. Amror: ‘*‘ A Method 
for the Determination of the Coefficient 
of Diffusion of Hydrogen in Steel. 
Influence of the Microstructure on this 
Diffusion.”’ Rev. Mét., 1958, Jan., pp. 
24-38. (£6) 

1031. WerrHesacn, P., and H. Horr: ‘‘ The 
Influence of Annealing on the Precipi- 
tation of Aluminium Nitride and the 
Mechanical Properties of Non-alloyed 
Steels.” Stahl u. Eisen, 1958, May 29th, 
pp- 736-743. (£5 10s. 0d.). 
ZiTTeR, H., and H. Krarver: “ Samp 
ling and Determination of Hydrogen in 
Steel under Works Conditions.”’ Arch, 
Eisenhit., 1958, July, pp. 401-410. (£7 
1054. Préckinerr, E., and A. Ranpak: 
** Investigations on Banded Structure in 
Plain Carbon and Alloy Structural 
Steels.”” Stahl u. Eisen, 1958, July 
24th, pp. 1041-1058. (£9 158 Od.). 

NEUBERGER, F., et al.: ‘‘ Heating with 

out Seale-formation by using Lithium 
Carbonate in a Miniature Forging 
Furnace Heated by town gas.”’ Werk 
statistechnik u. Maschinenbau, 1958, 
June, pp. 341-343. (£3 
. ScuverMans, R., and J 

‘Raw (unfired) Converter Bottoms at 

the Seraing Basic Bessemer Steelworks, 
poem yg ves Ougrée.”” Rev Univ. Min., 

1958, Aug., pp. 270-279. (£4 10s. Od.), 

SHEVAKHIN, Yu. F.: “ An Analysis of 

Existing Methods for Calculating the 

Profile of the Rolls of Cold Tube Reduc- 

ing Mills.”’ Stal’, Rolling and Tube 

Manufacture Supplement, 1958, pp. 

259-275. (£6 5s. Od.). 

SuHEvAKHIN, Yu. F.: ** The Magnitude 
and Direction of Axial Forces Acting 
on the Workpiece in the Cold Reducing 
of Tubes.” Stal’ tolling and Tube 
Manufacture Supplement, 1958, pp. 
295-313. (£6 158. Od.). 
1104. Unurrzscn, H., and G. 


1050. 





1072. 


VAN NESTE 


1097. 


1098. 


L{ADOMSKI: 


Use, Manufacture, and Heat Treat 
ment of Allov Cast Steel Rolls.” 
I Stresses which arise in the Heat 


Treatment of Cast Steel Rolls, and Their 
Calculation. 


II—Materials, Applications, and Casting 


of Steel Rolls, and Various Forms of 
Heat Treatment. 

I.—Neue Hiitte, 1957, Nov., pp. 655-663 
£4 108. Od 

1I.—Neue Hiitte, 1958, Jan., pp. 10-20. 
(£4). 

1107. ENGELHARDT, W.: “‘ Die Stamping and 
Drop Forging.” Neue Hiitte, 1958, 
Mar., pp. 165-173. (£5). 

1110. Koon, W., et al.: “ A Highly Sensitive 
Determination of Sulphur and Simul- 
taneous Determination of Carbon and 
Sulphur with a Conductivity Recorder.” 
Arch. Eisenhiit., 1958, Sept., pp. 543- 
546. (£3). 

1115. Mazer’, A. G., and K. K. Karenoy: 
“External Characteristics of the Cur- 
rent Source in Welding under a 
Carbon Dioxide Shield.”’ Svarochnoe 
Proizvodstvo, 1957, 8), pp. 31-34. 

£3 108. Od. 

1119. Burpetskt, T.: ‘‘ Plastics for Universal 


Wobbler Boxes and 
Eisen, 1958, 
£6 10s, Od 


Joimted Spindles, 
Co iplings.” Stahl u 
Aug. 7th, pp. 1110-1119. 


1129. Stewrersk!, J.: ‘‘ Apparatus for Mea- 
surement of Losses in Whole Trans- 
former Sheets.”’ Hutnik (Praque), 


1957, July/Aug., pp. 333-334. £3). 
1130. Kaurman, M. M.: “* The Use of Water- 

cooled Plugs in the Piercing of Billets.”’ 

Stal’, 1958, Feb., pp. 144-151. £6 58.0d.). 











1131. HorRsTMANN, D The Adhesive 
Strength of Zinc Coatings on Heavil; 
Coated, Hard Drawn Wires of Rimmex 
Low Carbon Steel.”’ Stahl u. Bisen, 
1958, Oct 16th, pp 1456-1462 
£3 108. Od.) 

1138. Hense, L., and H. Scuervunn: “ Pra 
tice for Welding Circular Seams  ¢ 
Large Diameter Pipes.’”’ (Hand and 
automatic welding of pipes for oil, water, 
and gases). Schweissen d& Schneiden, 
1958, May, pp. 162-166. (£4 5s. Od.). 

1141. Heynenrt, G., et al.: ‘‘ Observations and 
Experiments on the Reduction of Iron 
Ores.’ Stahl u. Eisen, 1958, Oct. 30th, 
pp. 1493-1505. (£9 5s. Od.). 

1142. Hitrernavs, W.: ‘* Planning Work for 
the Construction of a Plate Mill.” 
Stahl u. Eisen, 1958, Oct. 30th, pp. 
1525-1535. (£8 10s. Od 

1145. Lecrierc, L., and J. Gourgav: “ Deter 
mination of Nozzle Sizes and Rates 
Adopted for the Teeming of Drawing 
Rimming Steel Flat Ingots.” Rer 
Mét., 1958, <Aug., pp. 710-715 
£2 158. Od 

1148. Hacue, A.: *‘ Stress Corrosion Tests on 





Mild Stee Rev. Mét., 
pp. 656-676. (£7 10s. Od.) 
1154. WerLanpt, B., and F. Krust 
tion of Sludge from Gas Scrubbers 
Stahl u. Eisen, 1958, Nov. 13th, pp. 


1657-1662 (£4 





1958, Jul 


Ys 


Utilisa- 


” 


1159. Dementev, V. M., and M. M. Kornov. 
sky: “* Investigation of Ingot Cooling.” 
Stal’, 1958, Sept., pp. 847-851. (£ 3). 









1161. HermicENsTaEDT, W The Volk 
lingen Cross-flow Shaft Kiln, for Burr 
ing Small Lump Limestone.”’ Stahl u. 
Eisen, 1957, Apr. 4th, pp. 421-426. 
(£4 58. Od 

1174. BorovKov, A. N., and E. A. Svettrr- 
sku: “The Use of Non-changeabl 
Piercer Plugs, in a 400 mm T 
tolling Plant.’’ Stal’, 1958, Oct., 
926-927 (£2 108. 07.) 

1180. GuTHMANN, K [The Problem 
Clean Air, with Special Reference to the 
Iron and Steel Industry. I—Me 


surement; effects; regulations. Radex 
Rundschau, 1958, Jan., pp 3-% 
(£8 10s. Od.) 


1183. Marrnarr H.: Oberhausen Plat 
Mill: Structural Features of a Newly, 
Erected Plate Mill.” Stahl u. Eisen, 
1958, Oct. 30th, pp. 1609-1611. 
(£2 58. Od.) 

1184. Miitier, H.: ** Directions for the Roll- 
ing of Alloy Steels. Stahl u. Eisen, 
1958, Oct. 30th, pp- 1611-1613. 
£2 15s. Od. 

1185. Zipex, M.: “‘ The Effect of Quenching 


from Final-pass Rolling Temperatures 
on the Properties of Thick Steel Sheet 
of Ultimate Tensile Strength 52-60 
kg/mm? (33-38 tons/sq. inch).”” Hutnik 
Prague), 1958, May, pp. 151-159 
£6 15s. Od.) 

REMMERSWAAL, J. L.: “* Pher 
Wear on Tools for Chip-forming 
Machining Metaalbewerking, 1958, 
22), pp. 447-451 £3 5s. Od.) 
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Fuel Baiciency in the Iron and SteelIndustry. the U.S.A. Detailed Review. 1029-1047 a described rhe relationship between 
R. P. Towndro Tron Coal Trades Rev., 1958, Information obtained during the visit 4 z Sains te aan mal tinal: kaa 
177, Oct. 10, 864 S66 { lecture Variou Frenel techn . eee s given ri nal lca, “hens, einletctine es lig 
directior f improvement are noted witl lauds blast furt . nd perating ‘i shed. Effect fai ad tvne of burden 
note on instrumentation lata which re nted in tabular r va listributior re leseribed Burden 
Effect of the Physical Properties of Coke on = permeabilities may be estimated from gas 
REFRACTORY MATERIALS the Working of a Blast Furnace. W. Hirns pl res, and the instrument iseful for 
gy yom Compounds for Foundries. lL. Stahl Eisen, 1958, 78, Sept. 4, 1225 1229 correcting abnor | furnace conditions 
Ferro nderia, 1958, 7, May, 209-214 lt ls or 1234 1235 Trials were co Factors Affecting the Size of the Oxidation 
Italian Th chemical and physical properties lucted on the influence of the physical proper Zone in Blast Wurnaces, Operated with Wet 
of refractory compounds are discusse pueryre tre t ti ) ‘ the worku of a blast Blast. ©. Fa Koh. Lapok, 1958, 18. 
results of a number of tests carried out « furnace Higher pusalit led to hivher Feb.-March, 138-142 rt ithor diseu 
samples are described The tests include heart mad and t re nitori vorking | v th rate of the ibust t : 
re << al to compression both cold and hot, Distributing Raw Materials in Blast Fur- kinet ner of the blast and other faet 
thermal expansion, and corrosion due to the eA H.W. Campt Tron Steel Eng., 158, iffect th f th Kidat . 
action of slags. —M. pb. 4 35. Apr 116 12 \ blast furt top furnaces, rated t! t | t F 
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Method for the Determination of Resistance m, 8, 78, June 12, 829-832 \ ew 78, : 26, 910-913 rh thor reviews 
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g the wet sand. The reasons fe 
with a high Si0), 'Na,O ratio 


data are presented 


shell moulds are given, togethe with a 
deseripti mn ot rr ma 
sprayir yr choos 


ing a watergiass 
are outlined, and 
the effects of m 


conditions on 


isture content and sp 
strength Satisfac 
in ica bonded 


sand 
produced 
further work ECESSAL 


Ci. 
casts were shell 
moulds but 
prove the technique ; 
Profitable Companions: Shell Cores and 
Green Sand Moulds. F. K. Shallenberger 
Mod. Castings, 1958, 33, Mar., 32-33 The 
advantages of shell cores are ind 
their production briefly Aneel bed B.C. ¥ 
Evaluation of Shell Moulding Process 
Capability. ( lruckenmiller,  ( R 
mei: G. H. Bascom Mod. Castings, 
33, 76 Procedures for establishing 
tolerances attainable moulded 
deseribed by r 
examples hese 


to im 


summarized 


1958, 
the 
castings are 


with shell 
ference 


the din 


to several 
ensional 
ransmission part, 
dimensions for 
split differentia 
ittainable 

with two types of blown shell cores B.C. W 
Shell Molds Add to Steel’s Uses. (Steel, 
1958, Feb. 24, 70-71 Shell ulding | 


smooth — surface: chill 


und the dimensional contro! 


roduces 


dimensioned 


pple 


castings itions are 
leseribed 

Considerations Relating ued the Theory of 
Shell Moulting. \. Braybre and B. H. C 
Waters r¢ 1958, 45. M iy 8, 263-278) 
This paper giv a detailed review, followed by 
a discussion, of various shell 
moulding, including rning the 
hot and cold strength « grades 
of sand used, pre 
teristics of 


aspects ot 
the factors gove 
of the shell, th 
yperties of the shell, charac 
the cast product, and various 
points relating to desigr L.D.H 
High Strength: an Ratio in Aircraft 
— J. F. Moore n Met. Mold.. 
15, Apr.. 3] 33 on vestment casting of 
‘parts ind the of mercury patte 
shell moulds ind wader 
meth > noted 
Bibliography of Puttontions on Defects in 
Castings. M. Torde (Comn Interna 
tionale des Defauts rs Fondrie, r velo 
G 5 p pp. 204 Witl 
lish, rr and German 
The Development of Thick-Walled Steel 
Castings to Meet High-Strength Requirements. 
H Buhler *(hesserei, 1958, 45, Feb. 13, 
8792 For heavy duty steel « 
with wall thickne > ( up to 
new steels have | | 
by compe 


etallurgical 


irts, xes in 


neh 


istings, 
600° mm, 
haracterized 
ontents, 
in Which most or all of the i been re 
by Cr \ 


properties, 


aratively and 
placed 


comparison mechanical 


particularly the re 
impact, indicates that these steels are practic 
ally equivalent to the older, high-Ni t 
Special heat treatments are necessary. 
these have been shown to be conon 
Some of these steels | good 


levated temper D.H 


Influence of the Chemical Composition of 
Cast Steel on Hot-Tearing Tendency. III. 
S. Oki Tetsu-t Hagan 1958, 44, Jan., 
15-21 In Japanese Le little effect 
on the hot-tearing tendency of low sulphur 
steel, but in resistance to 
high-sulphur 
to use it with Al 
Sn, As, and Bi are 
Pb, O, H and N} 
tendemn K. F 

Dasion Characteristics of Magnetic Steel 
Castings. Mech. Eng., 1958, 80, April, 64 
66 The use of Dy having 
properties similar to Armco iron, is recom 
mended where ind design 
ings Properties and foundry 
described A. G. 


sistance to 


lave roperties 


ture 


reases tearing it 
steel; it is more econo 


rhe 


assessed 


mical 
adverse effects of 
Sb quantitatively 


1ave little effect on hot-te ring 


namo cast steel, 


costs ¢ 


favour 
prac tice 


cast- 
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Siface Finish of Manganese Sicel Castings. 
1). Morrell and S. Cross Foseco Foundry 
Developments, 1958, April, 11-14 
d cts are illustrated and a test 
reproducing the defect was develo; 
teste 
appeared to be 


Surtace 
mould for 
ved Many 
surface dressings were d as reaction with 
sand of the mould 
le \ proprietary 
ous or alcoholic 
vent the condition 

Properties of Moulding Materials at High 
Temperature; IV: Effects of the Sand Grain 
Size Distribution and Filler on Hot 
Strength and Deformation of Sand Moulds. 
K. Futaki and M. Isotani. (Rep. Gov. Ind 
Res. Inst., 1958, 7, Apr., 202 In 
Japanese Hot strength and detormation 
with reduced = grain When 
and fine grains are mixed, maxi 
hot strength at 40- 60° Hot 
strength is increased by silica flour 

Testing and Evaluation of Bonding Materials 
for Foundry Sands. H. Reininger *< 
Praxis, 1957, 75, (8), 176-181 
method should correspond to normal 
operation and water content, 
permeability, shear and 
strengths should be measured. 
The Influence of pH Variation in Foundry 
Moulding-materials on the Surface Finish of 
Steel Castings. D Houseman. (Brit 
Found., 1958, 51, Mar., 149-155 Previous 
work on a effects of pH variations on foundry 
and the results of 
——— of modifying 
properties and 

Measurements 
production 


respon 
coating su In 


acpue media is off ret ) pre 


increase sIzZe 


eoarse sand 


rritimn occurs 


rhe 
full 


urain size, 


sere 


scale 


COTN pressive 


summarized an 
into the 


pH, 


are 


sands is 


mnvestiyation 
idditions 
finish 


materials 


on 


physical 
surface presented 
on raw and sand 
ixes showed wide variations in pH so that a 
lity control routine could be estab 
ed Fi trials of a number of differ 
t sand mixes covering the pH range 510-5 
d involving several different types of cast 
nys indicated that there ent 
dete pH 


es in this range B. ¢ 


on 


not 


yundry 


was no PNproy 
finish with 
Ww 


roration tm surtace 


Lag Construction of Patterns. 
Found. Trade J., 1958, 104, May 8, 
The making of cylindrical patte 

lags * or staves is briefly deseribed 

Design of Castings with ~*~ to the Cores. 
\. Ostberg, (Gjuteriet, 1958, 48, F 19-24 
\ report by the Castings Desig ommittee 
of the Sveriges Mekanforbung ( 
should be desig to facilitate production 
nd mesertion of ¢ Often a casting should 

vided into simpler components to reduce 
Nume shown and 


Checker 
547-548 


rns with 


mm 
avities 
ved 

ores 
are 


re work rous designs 


] 
Correct Gating Technique for Medium and 
Large Castings. W. *(Hiesseret 
technik, 1957, 3, Julv, 160-162) The effect 
of downg ites of circular section prevent 
vortex form and the carrying of 
into the « and the alleged deficien 
of reetangular ‘downg are 
the gate closed the 
desirability of pouring from the 
the sump, the 
channel and 
found 


Goschel. 


in 
brie ition 
dross astin 
ates discussed. 


eping until is 
, the 


into 


sump 
short 
of the 
desig 


end 
Cidnpirriitigy 
which has 
deseribed 

An Investigation of the Flow of Foundry 
Alloys with Various Gating Systems Used 
in Sand Mouldings. M. Jeancolas. Brit. 
Found., 1958, 51, Mar., 119-127 Prelimin 
ary results on the flow of various foundry 
ull through different types of gating 
systems are presented It is concluded that 
it tempera well above the liquidus the 
majority of foundry alloys flow in practically 
manner through a yating 
With syste of 
uprising a large number 
vstems which are under 

st distribution from the point 
quilibrium between the flow and 
Some Requirements for Successful Fluidity 
Testing. 5S Prussin and G. R. Fitterer 
Vod. Castings 1958, 38, April, 77-84) 
Variability test results ascribed to 
variation in the velocity of the metal stream 
ntering the fluidity mould and to the 
ism of flow Data is given for 


proportions 
an unfamiliar 
satisfactory 


rth 


been are then 


VS 


tures 


given 


syste 


same 
dimensions 
of gates, those 
pressure give the 
of view of 
the 


m ms small 


eo! 


gates. 


in is 
mechan 


cessation the 
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ial rate of metal flow within 
Design of Castings in Relation to ‘Pouring. 
A. Ostberg Found Trade J., 1958, 104, 
June 26 Desig of thin seetion 
the diffieu 


es are discussed 


act th I 


and ties with i horizont 
surtac 
The Parlanti Mould Process for the Casting 
of Metal by Controlled Rate of Heat — 
( \. Parlanti and R. D. Vencklaser 
Castings, 1958, 33, May, 79-85 The 
which employs a mould 
to control 
it tr 


ribed 


ah anti 
process 
thie 
the 


aluminium 
rate of he 
des 


and its 


fuetive 
direction 


con 
amste 
The 


ipplieat ns 


and 
tal 
m 


molten me 
of the 
cussed A. ¢ 
Purchase Specifications for Commonly Used 
oo Foundry Mold and Core Sand Binders 
Mod. Castings 1958, 33, 
lests described for assess 
the que of 
ly bentonite, « cereal fl 
re binder and cold set 
The Use of Supports in the Prepesation of 
tos in the Iron Foundry. Fe 
1958, 7, Mar., 121-125) The + 
of getting sounder 
distributing displacements 
Various types ol 
described and illustrated. —M. p 
Process Controls for Making Turbine Cast- 
ings. (Mech. Eng., 1958, 80, April, 61 
Procedures at the Schenectady Foundry 
(G.E.C described, which resulted 
in temperature and 


is 


syste 


: Vogel 
anol 59-62 are 


ing lities various binder 


riearrie orn spies 


plastic « oil 4 
nderia, 
use O 

as €a& means 


discussed 


63 
are have 
high castings 
tewer rejects 2 
Investment Casting 
Marshall Prec Vet 
24-26 An account of 
with illustrations « 
Continuous Casting of Tubes. 
(* , 


stronger 


. 
16, 


cs l proce 


Europe. 


1058, 


in 
l 


38 


the 
f products 


’ 


Sel} 


W 


Sfranqqiessen-Entwicklung 


146-161 \ 


wendung, 1957, 

patent literature. 
Measurement of 

Standardized Test 


pp 


and 


inn 


Mould Hardness 
Body. k Hoftm: 
sseret, 1958, 45, Jan. 2, 9-13). The experi 
mental method used for measuring hardness 
is first illustrated and described. The results, 
relating relative mould hardness to green 
strength uted graph 
An evaluation of the test results is given 
and comparisons —— A discussion on 
whether three or six blows should be 
with the ram for a standardized test procs 
is backed by experimental results R Ww. 

Cast Crankshafts. J. B. Hucke Bol 

1.B.M., 1958, 14, Apr., 181-188 In Portu 
guese]. The alloys that have been used for 
this purpose are described and their properties 
It is concluded that it 1s possible 
satisfactory east crankshatfts 


(Cte 


compression are prese 


ally 


made 


dure 


are compared 
to produce 
economically. P. 8 

The Use of Forsterite in ae Teme 
(Fonderia, 1958, 7, ay, 2 231 
Italian The properties of forsterite or 
2MgeQ, are and their effect n 
shell-moulding Methods of 
preparation and reviewed Much of 
the work described undertaken by The 
Columbia Steel Casting Co., Oregon M.D.J.E 


Influence of Thermal Conductivity on the 
Behaviour of Iron Castings. J. A 
H. W. Deem, and H. W. Lownie. Fo 
1958, June, 273-275) fIn Italian 
authors evaluate tiv 


n 


discussed 


described 


S10, 
is 
use are 


was 


Davis, 
nderia, 
rhe 
ty of 
luc 
and 


rf 
the thermal conduc 
a range of cast irons and show how 
tivity can affect the quality of the 
its strength.——M. D. J. B. 


The Application of External 
Steel Casting. A. Koth 
May, 289-295) External cooling 
achieve complete saturation 


castiny 


Cooling to 
1958, 45, 
used to 
large 
wh 


Giesserei, 
is 
more 
Examples are given to show 
achieved in the quality 
of output L.J.1 


castings. 

improvements can be 
{ 

of 


castings and volume 


Contribution to the Question of the Solidifica- 
tion of Castings. G. Girschowitsch 
Tech. Wiss., 1958, Jan., 1021-1035 
solidification of castings is considered 
mathematical terms. The 
factors such as an insulating layer, 
of the casting, the super-heat of the 
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The Problem of the Reduction of Silica by 
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HEAT-TREATMENT AND 
HEAT-TREATMENT FURNACES 
The He at Treatment of Spheroidal Cast Iron 

\ / j It 87,8 
1 t In It I } t 
t it ‘ liffer 
' 1 wit if 
He t t ! j } 


The Heat Seeetenens and Strength Properties 
of ~~ h Manganese Cast Steel. K. ! 
ind H. K. Goérlich G r 


Techy u ", 1958, Sept., 1207-1215 \ 


Effect of Heating and Cooling on the 

mee hanical Properties of an Alloy Steel. 1.5 
rd nd ‘I Williar Ins 

- h. Eno 57, 171. (30), 823-828). En 29 


Effect of Heat Treatment on the Micro- 
structure and Low- mnpenatane Propertios of 
Pressure-Vessel Steels. ./ ( I 


Kotteanmy uid t Dd. Stout Weld J 1958, 
37, Apr., 1608-168 Method 
of sit t n. plate th ! 
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i 4 i 1 the i 
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Molten Metals or Alloys as Heat-Treating 
Media for Steel 1. F. G oS . 
‘} ie a \/ 0 
Vet 1958, J : ] j rh 


The Use of 
Operations at 


Electricity in 
Chrysler R 
1958, 9, May-d 


Heat Treating 
} Ml 


} 
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The Gear Wheel in Aeroplane Saeadintiion. 
Able to Support the Greatest Load. H 
1958, 100, } ¢ 


The Use of 
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Aas noured Steel’ for the 
1ag S » 1905, 
§ \r i 
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Induction Heating K.O'D } 
l 1958 162, M 


High-Temperature 
the Time | 
1958, 181, M ! 
‘ LuvO0” | ‘ ; 


Carburizing Takes Half 
] 


The Distribution of 
Carburized Cases, and 
| t u | 


Residual Stresses in 
Their Origin. |). | 
: 1957, 50, 


Carburizing Co: =o sec He wndling g and Dust 
Control. A » 19 
9, M J » 10 A t 
The Effect of Surface Hardening by Heating 
with Mains Frequency Currents on the Proper- 
ties of Working Rolls for Cold wane. V.N 


{ \ so aati ube Eig 


Pi ame Hi urdening and Loc al Heat Tr eatment 


} VW ( 1958, 55, 
11-21 
| t 
i} 
Flame Heat-Treatment of Rails for Points 
and Crossings and for Rail Ends. H. St r 
‘ } { 
1 
! 
| t i 
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i ! 
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I I 
Induction Hi: ardening of Cast Iron 
| ting, 1958, 9. M June, 14, 17 
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Heat Treatment of Rolled Railway Wheels 


at the Karl Libknekht Works in the Ukraine 
Ss. I. B r S 1958, (5), 468 \ 


ire t reat N 
Combine Nitriding, Induc tion Hardening on 
Low- Alloy Steel. P. M. | i 
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Grain Growth and Surface Decarburization 


in Induction Heating of Steel ee Ya. I 


Karker and M. G Logan 1 Obra 


A Study of the Ferritization of Nodular 
Iron. | be f ( 1Y58, 33, 
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The Heat Treatment of Grey Cast Iron 
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Sheets. |. M 158 
50, | s Ih 
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The Influence of Gaseous and Salt Bath 


Nitriding on the Properties of pee gee Steels 
Part I H.W i 
} 1958, 12, Mar 64 j 


Dependance of Decarburization on Rate of 
Graphitisation in Whiteheart Malleable Iron. 
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Annealing Tool Steel oi 


15s, 13, \ ed 7 | 


lO 
Contir mation of the Effects of High Tempera- 
ture Annealing on the Properties of Transformer 


Sheet. J. hk Hu ty, 1958, 18, 
241-245). [In | af 
5 i tos 
r t 1] ( | 
iW | : 
] 1 \d 
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Proheating Residual Stresses Stress Re- 
lieving. W. > ! ! iW J. 1958, 37. 
lan. 21s ‘- be bike, Senal 
\\ M ( ( \ 

Bt) 

Customers Call the Temper . L058, 

Feb. 24, 7 \ be ; ‘ 


Heat Treatment of a High Strength Cast 
Iron with Spheroidal Graphite. J. (. PD 
{ Mo ON. Kun 


The me An of Silicon on sie Heat Treat- 
ment of Nodular Grog Iron. L. 8 
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4 New Br crpre hant for Steel. I. | 


OM iW. bk. He 


eT ha i 
The Quench-Ageing of Commercial! Structural 


Mild Steels in the Region of Atmospheric 
Temperature in Different Climates F.-4 
Alt nd PD. } 1 Neu f1iitt 1W5s8, 3, 
I Lol lov ” 

t ¢ N 


Santethaiien to the Knowledge of the Quench 
Ageing of Unalloyed Mild Steels, mainly from 
Observations of Reversal. M. N ‘ 1H 
Stu conk f hai 15s. 29 ) 

29, 


A Contribution to the Improvement of the 
Technological Process of the Production of 


Railway; Tyres by the Resita Metallurgica] 
Combine. kt. \ { } ag Ee 

1957, 2, ) | 

i 

) 1 i} ‘ ¢ ‘ le , | 


On the Influence of Tempering of Chromized 
Parts on Their Durability and Seizing Proper- 
ties while Working on Steel D. N. ¢ 

I N. Na Vacl 10 


Effects of Tempering in Liquid and Gaseous 
Media on the Mechanical Properties of Malle- 


able Cast Iron. | H 
1958, 6, (2), 23-30 In ¢ i 
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Automation in Heating and Quenching. I 
N. K. Koebe Ind. Heating, 1958, 25, M 
18-416 Equip t for automating the he 
t | rts le bed 


18 Ways to Move Parts in a wemass. Steel 
, 142, June 23, 90-91). I ni 


m)] 


Carburizing Boxes That Last 
49), 21-2 j 


Appropriate Depth of Hardening in Surtace- 


hardened Gear Teeth H 
1958, 100, | 2) t | 


Surface Hardening of 


Gears 
s. 100, | | $1. 24 


Investigation of the High Frequency Induc- 
tion Surface Hardening of Steel H 


Gears wi th Nitrided Teeth at High Peripheral 
Specs Ss, 100 


Soft Nitriding and Sulfinuz Treatment, Two 
New Processes for the Treatment of Geared Con- 
structional Elements. J | 
1958, 100, |! ’ 


The Carbonitriding Process. (:. | 
/ 1U58 


o 1G1-19 


Symposium on Annealing of 
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Steel G For " | j j 


Annealing of Ferrous and Nonferrous Alloys 
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pheres W. oH 1958, 9 
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Bulk 
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‘ 


rmer steel to increase the ntensity 

the texture, the steel is heated slowly in the 
range 900 to 9450 C at the rate of 30 to 60° ( 
per hour. This treatment ensures the cor 


recrystallization without 
With he ating 


must be 


pletion of secondar 

any special holding 
rates of 100° Ch, step heating 
and the steel held in the range 
(6) to obtain steel with comparatively low 
anisotropy of magnetic properties, rapid heat 


period 
I 
used 


925 to 950° ¢ 


ing in the annealing process is essential R. 8 

The Absorption of Nitrogen in Low Carbon 
Steel Sheets During Process Annealing. ‘| 
Ando (Toyo Kohan, 1957, 5, Dee., 1-22) 
[In Japanese Ammonia as 
18s the source of N : 
satisfactory. Tables, and diagrams are 
supplied with captions in English 

A Method of Controlled Under-Quenching of 
Impact Bars. M. R. Meyerson and 8..J. Rosen 
berg. (Rev. Mét., 1958, 55, Apr., 318-322 
A method is described for heat treating impact 
specimens im order to produce uniform and 
accurately controlled under-quenched micro 
structures hardnesses at the locations 
where the placed The 
method 1s essentially a modified end-quench 
method. Data is given showing the deleterious 
effect of under-tempering upon the impact 
properties of a number of steels. In tempered 
steels the deleterious effect of under-tempering 
becomes more pronounced as the under-quench 
hardness decreases.—B. G. B 


The Metallurgy of Tempering and Annealing 


a protective gas 
Urea and biuret are also 
graphs, 


and 
notches are to be 


in Fractional Minutes. K. K. Wuerfel. (/nd 
Heat., 1958, 25, June, 1128-1130, 1132, 1134, 
1136, 1142). 


FORGING, STAMPING, 
DRAWING, AND PRESSING 

Forging. FP. Enfer (Technique Moderne, 
1958, June, 207-216 The author reviews 
methods and machinery for forging, the heatiny 
systems used, lubricants, et« He then des 
eribes the forging operations for some typical 
parts. Maximum and minimum forging tem 
peratures for carbon steels, alloy and resistant 
steels as well as for some non-ferrous alloys 
are given. R. P. 

The Manufacture of One-piece Wheels at 
the Dunes Plant of the Société des Aciéries et 
Forges de Firminy. J. Berthelet. (* Technique 
Moderne, 1958, June, 53-58). The complet« 
installation and machinery is described. It 
consists mainly of foundry, forge, rolls and 
finishing shops Different types of one 
their steel 
properties are given R. P, 

The Determination of Power on Horizontal 
Upsetting Machines and Mechanical Forging 
Presses. H. Miakelt. (V.U.1.Z., 1958, 100, 
Sept. 21, 1313-1318) Mechanically-driven 
forging machines are often overloaded, as the 
unknown. 


piece 


wheels and composition and 


upsetting and forging 
The measurement of these quantities and the 
evaluation of the results are 

Structural Requirements for C-Frame Eccen- 
tric Presses for Chipless Forming. W. Panknin 


powers are 


discussed 


(V.DI.Z., 1958, 100, Sept. 21, 1287-1293 
Details of design and construction to ensure 
safe and efficient operation are given 
Problems of Sheet Bending. JT. Lehmann. 
(V.DJI.Z., 1958, 100, Sept. 21, 1295-1300 


Some problems in sheet bend forming and the 
process of bending are discussed (60 reis 
Cold Drawing of Seamless Steel Tubes. A 
Malegue (Technique Moderne, 1958, June, 
265-269). The author reviews the 
and installations involved in the cold drawing 
Dimensional specifica 
Cold drawn steel tubes 
suitable 


operations 


of seamless steel tubes 
tions are discussed 
are stated to be 
at elevated temperatures and pressures R. P 
Position and Development of the Technique 
of Cold Extrusion of Steel. H.-I). Feldmann 
(V.DJI.Z., 1958, 100, Sept. 21, 1300-1303 
Advances in cold extrusion technique since 
the war, and thé 


of the process are discussed 


for carrying liquids 


possibilities and limitations 


ROLLING-MILL PRACTICI 


On the Relation between the Groove Profile 
and the Distribution of Fibrous Flow in the 
Transverse Section of Hard Steel Bars, and 
Some Defects Appearing on the Surface. W. 
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rater Nie n Kin t 


SOS Phe distrit 


1956 » 20. 


f fibrous 





June, 304 


Win higt 





carbon Cr steel r d to vario profiles is 





examined, and the relationship of decarburized 


wrinkles, and cracks to this distribution 





investipate d KK 
Study of the Quesation of Strip Mills at oy 
Works. N Gubashev Metallurg, 


12), 33-34 The work and recommer lntione 


mm interworks study group consisting 
mill operators ands other suitable 
personnel from several Ural works are out 


lined The group tin October, 1056 
Guenees ‘Gange Variation - iue and 
/ Ek 


operate 





Sheet Rolling. K. Saxl. (Pro 1958, 
preprint, pp 13 The case of — two-higt 
' i formulated and a method of estimating 
edge thinning is given. Conditions in four-high 
ind other backed-up mills are examined and 
compression and elastic effects are nsid ! 
A method of cambering and one for com 
pensating for secondary deflection ar sup 
gested 


Continuous Rolling of Stainless Steel. (Shees 
Vet. Ine 1958, 35, Apr., 245-258 An 
illustrated description of the Shepeote Lane 
rolling mill installed in Sheftield 

Corrugated Steel Foil Promises Lighter, 
Stronger Aircraft. 8. Mitchell Iron Age, 
1958 181, Feb. 6, 102-104 The develoy ment 
of corrugated steel foil by the Rvan Aero 
deseribed. By very thin 
i-strength stainless steel, such as 


nautical Co. is using 






, With tiny corrugations, super 
my be made 25% lighter 

inv weight, made to with 

ynamc heating to 750° F The 


material has a vield strength of 200,000 p.s.i 
it room temperature rhe 3 sizes made have 
top gauge limits of O 003, 0-006, 0-009 ins 
Welded to thin skin, the corrugated material 
provides a very rigid surface vering for 
— —— techniques have been 
level oped D r 

Stress Distribution in the Cold Rolling of 
Tubes. Yu Shevakin Stal’, 1958, (3 
235-240 The axial stress in the cold rolling 


of tubes increases in proportion to the tn 
pressure of the metal against the 


coefficient of friction between the 


Creuse in 
rolls. The 
metal and the mandrel exerts a powe 
distribution of stresses 





nfluence on the 


iltering the coefficient of friction alone, it is 
possible to reduce the pressure b five 
sevenths and the tensile trength of the tube 
at the moment of feeding by half to one 
third R.S 

Investigation on Rolling Oils and Oil 
Emulsions in Cold Rolling. II. Rolling 


Trials with Commercial Rolling Oils under 
Conditions Adapted from Industrial Operation. 





W. Lueg and P. Funke ju Stahl u. Fi 

1958, 78, Mar. 20, 333-343: discussion, 355 
357 The interpretation of th results of 
the tests, which are described in detail, is im 
paired by the fact that the composition of 
the nmercially available oils and emulsions 
was not known. However, it is clear from the 
result that grease made from long-chain, 
saturated fatty aci in either form, i. 


undiluted or emulsifi 





show good ltubrica 


tion properties ar 1 are clearly superior to oils 
or emulsions of the mineral-oil basis Phe 
emulsifier should not react with ealeium ions 


“Studies of the Properties and Usability 
under Works Conditions of Modern Rolling 
Oil Emulsions. J. Billigmann and W. Ficht! 
Stahl u. Eisen, 1958, 78, Mar. 20, 344-357 


rhe trials, and emulsions used are described 


in detail. It was found that the lubrication 
effect of emulsions depends more on the 
nature and structure of the base materials 
than on the = free-acid content Natural 


greases based on long-chain, saturated fatty 
most suitable Even hig 

pressure additives do not improve the 
tion effect of 
such an extent that they become 


acids are the 
lubrica 
mineral-oil-base emulsions to 
comparabl 


with natural greases r.¢ 


Republic Keeps Pace With Increasing 
Requirements for Fusion Welded Line Pipe. 
W. S. Schaefer Reg. Tech. Meet. AIS 
1957, 333-367 An account of the plant, 
with many illustrations 


Steels for Tube = lls Worl ting above 600 C 


J. Ivernel. (# 1957, 28, July-Aug 
Sept., 61-71 ihe hot rking propert 
tusten ure i ssed 
l I atat j y 
tabl r temperatur t 600 
Ho nd show resistan to intergranular 
rrosion. (12 references R. 
Seamless Tube Making by the Calmes 
Process. A. Calmes and C. A. Rober Ya 


Steel Eng., 1958, 35, Feb., 124-131 The mn 
takes ingots direct] from the O.H. furn 
{ mak ml tinu 
proc Ph r ! pat 
types, top-pour N S000 
rt operat muy 
} tir press it 
rotatr ! P ra rel n 
siz 4 nist ind t it 
press pi n t lor 
perat \ l 
i? 


. pony L. “Uses Simplitied Gauge ‘Control 
Steel, 1958, — 7, 110-113 \ cle ript 





Laughlh Alivuiy pa We 
Reel and Coil Seananent Installations in 
Steel Mills for Rod, Bar and Narrow “ee \ 


Hinders Draht, German ed., 1958, 

1-8 Design or yperation of reels f yous t 
ind laying type are deseribed il it 

i ript tl | t al tructi 
letails of transpor nstatla ! tl 
overnead 1 i i rs tv} 
Included are non rat for th leulat 
of the length to | travelled t ichieve the 
required cooling R54 ‘ 


Methods of Lowering Costs of Rolled 
Vetallurg, 








Products. P. P. Zuev 1956, 
28 30 As in the ! trostal Wor 
the coate metal repre ts 95 ft tota 
productior sts of ther d products u 
meta 1 per tor f rolled prod 
part important I mportar 
rr ! t tr tal t ! ! r all t \ s 
nu tur 3 tres Sul ! ! 
pont t Vhere x l ul ta 2 
place v 
The Brershed Width Gauge. (2 Steel., 24, 
Mar., 88-89 The method of operation of the 
Kvershed Width Gauye is described. It 
sery iriver pti irrat t ai i 
tomng d it ns n the width of hot strip in 
ntin s I} SVste I l » U 
tural infra-red rad n fror he str i 
Is sufficiently sensit t spond to materia 
that has dt ‘ lull red I 
follow ! L pranter tl r tal 
i tt tl nominal wicdtt {ti str 
phot s cused o1 ige of t t 
measure the radiati I j ' 
compensate tor thie temperature ot tt 
trip th sition the ly } | 
Phe ace wy of the width ga s dy in 
Strip Mili Control: eee Thickness 


Gauge Automatically Governs Screw-down. 
Iron Steel, 1958, 31, Jan., 8-10 

Non-Contact Automatic Gauge Control: 
First Installation in a Strip Mill. (rit. Steel 
maker, 145s, 24, Jan. 18-21 Ihe new 
Jaldwin nucleonic thicknes suge, which is a 
non-contact, measurir nd automatu iu 
control device, 


it’ the W 





Details are iven of the principl ind operation 
of the device 


Mill Uses ease Hydraulic Fluid. (S¢eel, 
1958, 142, Feb. 3, 117-120 Phe introduction 





of a water-in-oil emulsion as the hydraulic 
fluid for use in a rolling mill is deseribed 
The fire hazard has been removed; with 
petroleum hydraulic oil a fire had been caused 
by a hot slab breaking the draulic lines 


Magnetic Separators: pate set to Cold 
Rolling Mill Coolant Systems. A. L. Wilson 
ron Steel, 1958, 31, Feb., 71-72 





eoaiid th successtu ining of rolling 
m PnP has beer ichieved | the 
introduct 1 magnet separators a the 

s4jor cleaning device on the coolant system 
Phe installation of the separators is described 
and theu uivantayges and limitations are 
discussed.—c. F 
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Time Studies in Rolling Mills. KX. Lx wm 
Stahl Eisen, 1958, 78, Apr. 17, 55 


) 9 
The Swedish Enresson Central nd its 
ipplication to rolling 1 leseribed and 
discussed The ' ilt ind provements 
btained by the us f this instrument are 
inalysed, 1 


The Rolling ‘Deformation Zone in the Light 
of I. M. Paviov’s Theory. J. Bazan 
1958, 25, March, 100-105 Two 
models of the deform 
without a speed 


utnik, 
extreme 
ition zone with and 
gradient across two rolled 
planes are analysed. Some experimental work 
confirming Pavlov’s theory is described 

Nomograms for the Determination of the 
Roll Force Based on the = Equation. 


Mathea (Stahl Eisen, 1958, 78, Oct. 2, 
1383-1 389). The Ekelund equation for rolling 
force and deformation resistance is briefls 


ertain simplifications are mtro 
duced in order to facilitate the 
of nomograms. Two nomograms are presented 
and their use is explained. In case of difficulties 
in the rolling 
even provide the reasons for them r. ¢ 

The Effect of Pressure Exerted by Rolls on 
the Quality of Flat Blooms. \\ 
Hutnik, 1957, 24, S« pt., 34% 355 
The author describes experimental 
the taking of samples of metal from blooms 
rolled in three 
23, and 19). Physical properties such as plasti 
limit, tensile strength, elongation, et 
tabulated and are discussed for different 
samples 

Plastics as Bearing Materials in 
Mills. Scheel. (Technih 
110) Details of des 
plastic roll-neck bearings are quoted, including 
friction coeflicients, mechanical and the 
properties rr. a. WwW 

Bar and Rod Mill. 
81-83). The new 
Klockner 
is deseribed 


discussed and ¢ 


onstruction 


operations the nomograms can 


Leskiewicz 
In Polish 


details of 
different numbers of stages (35, 


were 


Rolling 
1958, 138, Feb., 108 


ign and performance of 
rmal 


Draht, 1958, 9, Mar., 
continuous mill at the 
Hiittenwerk Haspe A.G., Germany 
and illustrated. The mill, built 


by Schloemann AG., and commissioned in 
1956, is laid out for two-strand rolling of bar 
stock and four-strand rolling of wire rods in 
appr. 1000 Ib-coils, finishing bars at about 


900° C and 2400 ft/min, and rod at up to 
6000 ft min. The electric drive, by Brown 
foveri & Cie, is by rectifier-supplied and 
electronically controlled D.C. motors. .G.W 
New Production Method for Joists, Particu- 
larly of Light Section. H. Sedlaczek. (Rev 
Vét., 1958, 55, Apr., 353-338). A new method 
is described of rolling joists of light section 
This allows for the transverse cutting of-the 
flanges in the original section and at the same 
time makes use of the Kendleman method 
which allows the rapid reduction in web thick 
means of a toothed roll BR. G.B 
Sendzimir Planetary Rolling Mill. P. Blain. 
Centre Doc. Sidér., 1958, (4), 853-859). The 
principle of this type of mill is first described 
and then a description of the Sendzimir mill 
installed at SAFIM in Milan is given B.G.B 
The Use of Protective Atmospheres in Cold- 
Rolling Mills. W. Feige and P. Middelhaute 
Stahl Eisen, 1958, 78, Oct. 16, 1441-1448) 
In the process annealing of low-carbon steel 
strip the bright surface should be retained, 
but of high-carbon steel strip the composition, 
particularly the should not 
be altered. The conditions of 
bright H,O 
ratios, point, ete., 18 
production of protective 
atmospheres and their application including 
costs are described and the control of pro 
tective atmospheres and their instrumentation 
briefly de alt with.—tT. G 
An Analysis of the World Trend Towards 
the Development of Seamed Tube Rolling 
Mills. W. Dobrucki. (Hutnik, 1958, 25. Apr.- 
May, 156-164 Trends are reviewed on the 
basis of the foreign literature.—™M. 7 
Examination of Theories of Tube Reduction. 
N. Torma and R. Hantos. (Koh. Lapok, 1958, 
18, April, 191-195). The authors compare 
various theories of hot tube reduction with 
operation measurements Wall-thickness 
results calculated from rolling rate, using Prof. 
method, equal those obtained by 
practical measurements.—P. K. 


ness by 


earbon content, 
theory of the 
annealing including CO/CO,: H, 
humidity and dew 
discussed. The 


Geleji’s 
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ABSTRACTS 


Centralised Manufacture of Tools for Tube 


Rolling aus. Yu. I. Nikolaevskii and M 
Krichevsk: Stat 195s, , 633-635 
Roller Guides for Hot “Mills. Kalper 
(Draht, 1958, 9, Mar., 83-84 Uses and 
designs of roller guide ire lescribed, with 
reference to Swe« dish practice Ww 


A Computer for the Automatic Control of 
the Shearing of Rolled Stock. V. L. Epshteu 
Stal’, 1958, (7), 622-628 

Automatic Loop Drives in a Continuous Hot 
Roling Mill. KR. Hagel and J. Jonea Hutnik, 
1957, 24, Dec., 488 494) In Polish Auto 
matic loop drives in a continuous hot rolling 
mill equalise changes of electrical, mechanical 
ind technological parameters during the 
process of rolling. The design and method of 
calculation of the loop drive, also the adjust 
ment of the size of the loop are described 
At a medium speed of rolling (about 5 m ‘se 
it is possible to regulate the number of revolu 
tions by changing the voltage supply to the 
motor with the aid of additional generators 
At higher rolling adequately rapid 
regulation is obtained by individually supply 
ing the dividing motors from rectifiers 

The Measurement of Strip Tension in the 
Rolling Process by a Direct Method. J. Golek 


speeds, 


(Hutnik, 1958, 25, Jan.-Feb., 34-39 In 
Polish Methods of direct measurement of 
tension in cold rolled strips are described 
Single and three-roll trains are described and 


the experimental results obtained are discussed 

Trends in Automation Applied in Iron and 
Steel Works. H. Voul. (Stahl Eisen, 1958, 78, 
July 24, 1033-1038). A number of possible 
applications of automatic operations in a 
rolling mill are discussed r.G 


Automation in ng and ag: wens. H 


Cordes. (Stahl Eisen, 1958, 78, July 24, 1071 
1073 A number of control » eon for 
operation of rolling mills and their mode of 


operation are discussed on the 
published information r. 

Automation of Reversible Mills. ©. Roger 
(Centre Doc. Sidér. Circ., 1958, (4), 861-869 
\ review is given of the present state of auto 
mation as applied to reversible mills. Ameri 
can installations at Homestead, Geneva Steel, 
Granite Steel Co., Inland Steel Co., Allegheny 
Ludlum, and Aliquippa are discussed B. G.B. 

The Control of Thickness on a Cold-Rolling 
Single-Stand Mill. B. Fazan. (Rev. Gen. Méc., 
1958, 42, June, 302-305). A largely graphical 
treatment of the problem is given 

‘Betatest’ Instrument for Non-contact 
Thickness Measurement. H. Harder. (raht, 
1958, 9, Mar., 91-94). Following an exposition 
of the principles of measurement, 
of the sensitivity, 
and errors of beta-ray thickness measureme nts, 
particulars of the * Betatest ’ 
stated 1G. W. 


Formation of Internal Cracking in Blooms 
and Ingots During hs ns Process. J. 
Gorecki (Hutnik, 1957, 24, June, 228 234) 
[In Polish}. Formation of internal cracks and 
their causes are discussed The effect of the 
initial height (h.) and change of height (4h) 


basis of 


discussion 


choice of source, response, 


equipment are 


of ingots and the diameter of the rolls (Der) 
are analysed In order to prevent internal 
cracking it is recommended 1) To use large 


rolls in the first stages; (2) To 1 
well heated ingots. 


The Influence of Steelworks Process on the 
Fracture of Steel Ingots During er) r 
Mazanek and J. Koza (Hutnik, 1957, 24, 
June, 218-221). [In Polish The prod iction 
of steel for one year from one of the’ steelworks 

Different factors influencing the 
actures of ingots were investigated 
and the following conclusions derived: (1) The 
least number of fractures occurred when the 
ratio Mn/S was at least 6.5; (2) The content 
of Si ought to be maintained at ite lowest limit; 
(3) To prevent rapid cooling, large ingots are 
recommended; (4) To prevent fractures of steel 


se small and 


is analysed. 
number of fr 


ingots of high S content, high temperatures 

should be maintained in rolling. 

MACHINERY AND SERVICES FOR 
IRON AND STEEL PLANT 


Supply and Control Cables for Steelworks. 
J. H. Braddy. (Brit. Steel., 1958, 24, Sept., 


JOURNAL OF THE IRON AND STEEL INSTITUTE 
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208 301 Pla ny, installation, and testing 
re bed 
Water Economy in Iron and Steel Works. 
F. Weseman ernkont. Ann., 1958, 142, 
6), 271-288 In Germat A detailed survey 
thre ibject, dealing with open and closed 
water supply svstems, water purification, and 
1 lerat ns (15 refs 
WELDING AND FLAME CUTTING 
Deep-Penetration Welding with Shielded 


Electrodes. Results of Tests Carried out at the 
Institute of Welding. IV. Results (Part 2): 
Influence of Electrical Characteristics on the 
Extent and Regularity of Penetration. Studies 


Regarding the Soundness and Mechanical 
Characteristics of Joints. A. Gaubert Soud 
Techn. Connexves, 1958, 12, Julv/Aug., 249 
2H2 rhe author reports on studies regarding 


the relative variation 
to electri 


f penetration in relation 
al variables and their effect on joint 


soundness. The latter also depends on welding 
speed, length of ar ind water content of the 
shield The mechanical characteristics of the 
joints are discussed. The given data can serve 


4s a guide for choosing optimum power supply 
welding procedure R. P. 

A Change in the Method of Air Blasting 
Skelp in the Furnace Welding of Tubes. 1. | 
Romershtein Vetallurg, sees, 3 31-32 
Defeets in the present methods « 


ane 


ompressed 
air blasting the edges of skelp are eliminated 


by top biowing instead of lateral | 


Fundamental! Resistance Welding Investiga- 


owing 


tions. First Interim Report. |). K. Roberts, 
J. KE. Roberts and A. A. W Brit. Weld.J., 
1958, 5, March, 117-126 Temperature 
eveles during spot welding were ‘Xamined 
theoretically and experimental Rates of 
heating and cooling have been cal d with 
the assistance of a non-dimensional variable 
A method is described of placing and record 
ing from thermocouples close to spot welds 
, Sarestigntions into the Electro-Slag Process. 
Miiller Schweissen Schneiden, 1958, §, 
Sept ‘ 359 367 Investigations into the 
electroslag welding process carried out in 


Western Germany are described Tests in 
the normalized state on the difficultly-weldable 
St 50 gave a weld quality comparable with 


that of the base metal 


ment showing 


3-Wire welding equip 
improvements on the 
Soviet equipment was then constructed, and 
early tests were free from macro defects 

Spot Welding of mall Stoel. 1). Canonico and 
H. Schwartzbart ( J., 1958, 37, May, 
484 488 The res Big ofa survey of companies 
that are successfully welding re-rolled 
rail steel are presented as four case 


some 


spot 
histories 

Seam Welding Galvanised Steel. W. J. Allen 
and M. L. Begeman Weld, J., 1958, 37, Apr i 
1388-1438 The changes in welding variables 
necessary to ptable 


ed steel sheets were 


produce aces seam welds 
with zine-coat 


Interrupted 


determined 
welding 


oft ' times were 


irrents having long 
undesirable, but continuous 

irrents gave good nugget penetration over a 
wide current range Higher currents and 
higher electrode forces were 


obtain the 


necessary to 


same nugget penetration as with 


incoated sheets. Welds of satisfactory pene 
tration retained little zine coating in the weld 
area but still had considerable corrosion 


resistance B. ¢ “ 


Tungsten-Arc Welding of 0:002 in. and 
0-005 in. Stainless Steel and Titanium. J. ‘ 
Collins and 8S. P. Jenkins Weld. J., 1958, 
37, Apr., 342-347) The development of a 
technique for butt welding thin sheets 
of stainless steel is described together with 
the results of mechanical tests on the welds 


very 


The are was initiated by using argon but the 
actual weld was made with helium as a gas 
shield. Although the sheets were clamped and 


moved under a fixed welding head the process 
could not be considered automatic as the 
quality of the final weld depended on the 
judgment of the operator B.C. W. 


Recommended Practices for Radiographic 
Inspection of Fusion-Welded Joints for Steel 
Plates up to 2 in. Thick. (Soud. Techn. Con 
nexes, 1958, 12, 291-294). 


marizes general recommendations for 


his paper sum- 


X ray 








04 
and ¢ i-ray examination of butt weld 
ld \ t Protectior 
pera i identification of radiographs ar« 
liacusesed, > tims, screens, Vv wing, and ti 
of image quality indicator 


"Effects of Steel- Making Sentie. on Sub- 





merged-Arc Weld Porosity. J. ‘I. Lapsl 
Weld. J., 1958, 37, Apr.. 1698-178 Ty 
! t ! . pra nd pr 
arial I eptibilit 10 } 
nom r low rbon steel t 1 
por it rged a welds were studied 
Signi ‘ amiation in weld porosit SI 
i Vas ind ar nu the ste but the 
severity was leas than that caused | nferior 
A 1 prey r Susceptibuilit to weld 
pr t ppeared independent of deoxidatior 
pract nd was not attributed to difference 
A Ss, M \l, Si, and P nt t Th 
rea td I ti f t j 
i ‘ “ ated vith 8 
thor ter t material i inp 
pt t I from as-r ed et 
ig (Cause for t variations pti 
lit to weld por t ver not isolated 
ietermimned ‘ 


A Study of ‘ca Affecting the Strength 
and Ductility of Weld metal. C. M. Wayr 








and RK. Db it We J., 1958, 37, Ma 
1938-200 Che results ar presented of 
Bi tivatio nto the u“ p 
tlh high i t I h ter trength r 
and t red id lit ‘ i 14 
| r l weldu | 
‘ j rt } led t 
t I lied luded 
pret ! p 1 ! 
pa ! t tr tr t t ! luring weld 
ul na { t 1 me it ¢ ated 
temy 1 Ch I I 1 Ver 
1 that t ! t tage and 
! I lered a ha ' 
r 1 it treatmer ‘ j t 
t « rat ind gr I I ur 
t th it W i lid t result 4 
t i str i i i rati t i 
4 rt if i 
i t le} ited h t tr 
1 r plat id t al val hi i ' 
i i ! zed WwW ! te 
rest dt t show 
i ret ! higt r i 
} ‘ rat ind th | high 
1 str nd 1 rat weld 1 ] 
tn i t I It of plast ra 
ring satinde is li 65 ref 


Dynamic Seoemsement of mans Associated 


With Weld Cracking. %. S. White, W. G 
Moffatt, and ¢ M. Adar jul Weld. J 
1958, 37, Ay is 19 \ thod 
i ril ry suring the tr tr 
furir nad I dir rt " nw 
tted plat l interpretation f th 
ley led I | 
t r t i ndat 
N rt tl i 1 t ty j 
! is Wa nsitive to 1 { for 
the rm hiate { th j | 
Mn-—-Mo arr plat ! I ' 
listributed 1d h p i 
ut red he | i nd ld 
litior t } t With 4 
bon ' t . ner wa ‘ 
' plast befor t lax t 
t t } } ithor } t 


A Qneutiiative Sutuiiinn of Residual- Shiens 


Relief in Pipe Weltmente. I. Bt and 
R. B. MeCau t PHOS, 37, Apr 
1795-184 ri i } , li { 
i t ae t t ! ! 
iT) 7 i} 
X-ra t I r 
eu ! t ‘ 
i 1 I t t rh 


Effect of Time on the Hydrogen Content and 





ABSTRACTS 


and rut leet j Result howed ¢ 
t H t t th i lecr 
ht intil a 1 i 
rt f ton mechani properties riable 
Some Factors Which Play a Part in the 
Adhesion of Materials. ( J ' 
V ley 1958, 38. Lug , a4 SU 
t} ret n , f +h ' 
‘ sie , 
pt ola i ' i i 
1 the | ' nt t 
} sacall a ae ee , 
tor 


New Experiences and Knowledge Gained by 
ume Cutting with the Oxygen Powder Lance 
{ 


Klu Sch en Schr L458 
= ept His 7 Ad int tig 
' tt , { i ! t 
’ thod 
MACHININ AND 
MACHINABILIT 


Machining Performance of a Home-made 


Ceramic Tool and Its Wear Process H 
la ma and I Miva J VJ } j 
1958, 12, July, 118-124). Compar 
rt | t« I i 
Ml at ? ist T } \ 
{ , rt ! 
r } 1 
yt ] tital ¢ 


Machinability Study of a emer Tool. I 

Jitra High Speed Lathe for Machinability 

semen Ges Coenents Decks H.M \ { 
} 





(ot H. K var nd S 
s } ( ! / ly 1958, 7, 
Sey 638-642 Ir Japa I 
| 7 } t 
10 000 ) i 
1 1 O00 , At ‘) 
t j \ , 4 i th 
hed lest ! t I 
suitabi 
way Metal Versus High ‘Genet Steel. 
1958, 38, Ma 91-97 
treaty a comme n of t ropert 
appl t hard 1 t ind hi 
steel for t ! I t ture, In I t 
Norwegian ma I nd r 
Choice of (Cutting) Edge Material for Chip- 
Cutting = hining H. Stror rr r 
1958, 39, 120-14] rt ection d 
with the theoret if principles o hiy tt 
lassificat {r teria nad tvy 
ols 


Data on the Milling of Alloyed and Unalloyed 


Constructional Steels with Hard Metal. Part I 
H. Opitz. K H Frohlic! il H Siel 
Forsch. Wirts. } We t n. 1956. N 
07, pI is | t n (35 carbon st ! 
lescribed. Part II. H. Opitz, H.s 
RK. Flee) 1957, N $13, pp. 44 Che 
nd 16-Mr t i 

Sachinion Uitra- High- Tensile Steels. H 
Vearson / / 1O58, 20. | 

+83). Turning, | aii , 

nd-milli ' ttit t 


Ultrasonic Mechanical Machining. IV 


d “} 


/ j Fa / y., LYDS, 25. \i S , 213.23 4 
Ixperiment lescribe 
Ultrasonic Electro- limes Machining II. 
Cc and R Effects. G. N a 2 
i und ‘J nit " Doky / 
Eng., 1958, 25, Mar., 237-242 ( 
and R resistance i i the « trie 
nd the 

‘ ted TI. bresenie Sioohen! Spark 
Machining with Low- wuseneney Vibration in 
the Work-Piece. ©. Nis nd $8. Shis 

\ 243-246 \r Hation of 0-1 

1 "> Au emit T I i nue Tih 


| IV. Theory of Ultra- 
sonic gored oo ark Machining with Low 
Frequency Vibration of the Work-Piece. (247 

aay | Dimensional Effect 7 Deep Hole 
Machining. (:. Nis! ' K gishit 


Pr € 53-259 


LEANING AND PICKLING 
Ultrasonic Cleaning. I. (:. Nis! 
1958, 25, Mar., 261-266). IT. (21 74). ‘I 


Rapid Renee el of Ferrous Metals: The Use 


of a gents. I 
| 58, 15 \ i 


Ny } | I 


Acid Pickling of Iron and Steel 
ie! yi] / 1955, 1, M 


\ 


PROTECTIVE COATIN( 
Corrosion-Protection of Iron and Steel 
kK " palan lror t j 1958, 1, | 


oH] Var i I 


Finishing Vauxhall Motor Cars. (/ 
1958, 11, May, 44-81 { 


! + 
sl 
A Simple Non-Destructive Thickness Gauge 
for rg gr mo A. BR. Ee Vi 
\pr., 145-150). A ther 


Pollution by Metallurgical Trade Wastes. 
E. W. Muleal Vet. I f.. 1955, 1. J 
280 " ) Ar of t t 
‘ i , 

i 1 t 

Recent Developments in Chromium Plating 
H. S | Fin. J., 195 a 
li-14 \1 t 

} 

On the Effect of Substances Cox itaining 
Bivalent Sulphur on Nickel Plating \ 
Pan v and | Mi. M rt 

, 1957, 23 684 GRS8 
\ \ 
\ I 


Electrodeposition of 


Nickel and Cobalt 
Alloyed with Phosphorus. i. L t let 
l f.. 1955, 1, M 130-131 \ 
he N.B.S. pr 
Progress in Galvanizing \ 
1958, Sept. (Edn. M , 37, 39). A 
y l > 
Dry Galvanizing. H. Bal nd F. G 
1956, 2. Oct t65 ( \ad 


The Influence of Surface Condition on the 
Galvanizing Properties of Steel Sheets H 
| lfve / ) i 4 7. j ¥ _ i) 


] irv pro \l 
raphic tindi rer rt 


An Experiment on the Effect of Type of Steel 
and Aluminium Content of the Bath on the 
Weight of Galvanized Coatings. >» ther 

ord f Pa , lL, Fel 7] 
The effects rise of A t 


j 


The Effect of Aluminium Additions to an 
Experimental Hot-Dip Galvanizing Bat h on the 
Rate of Attack on Steel. N. hb. | 





Mechanical Properties in Arc Welds With 
Shielded Electrodes. W. Hut tzscl Soud 
echn, Cc 1958, 12, Aug., 269 
276) lest bars and specimens r th leter 
mination the H ntent w taken frot 

th to 5100 i i dey 
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1955, 1, June, 276-277 The 
fF O-] \] was to increase the rate o 

ittack Db ~ 13-5 
Study of Structure and Phase Composition 
“ Coatings in J Hot Tinplating of Sheet Iron. 
I itkin P pee and G \ 


, 119. (2), 268 





st tracer tin isotor and 
t é tr ethods, is mamly 

rm I< rystals Fes: rh 
In ‘ ght and dark patches 
which differ only in their compactness and in 
h ie | ot SnQ), Lattice 





paramete f the various layers of the coating 
ive! l I 
The Use of Radioactive Isotopes in Studying 
the Mechanism of the Basic Processes in Hot 
Tinplating. A.1. Vitkin. (Doklady A.N., 1957, 
115 4), 710-713 To dete 


m of hot tinplating tracer isotopes of tim 


rmine the mech 








Sn) and Fe) were introd d in turn 
nto the melt and into the flux (ZnCl, Phis 
allowed tl construction of schemes shown, 
the migration and combination of tin, tron, 
ind chloride im the tlux and in the tin melt, 

i their action on the steel plate Two 


it illustrate these processes I 


mais to Improve Titanium Seatione. on 





iron, Sy eae ga ree > M * Strau- 
ind Y Huang Vetall, 1958, 12, 

hy ine, 501-503 litanium matings on iron 
, ] I sion resistant: the iron does, 
suffer attack through the few pores 

resen | vatin NaCl solution provides 
onvenient qualitative test mediur col 

n bemeg marked by vellow discoloration 
stains on the irface of the object tested. 


ating ca be 


lhe weight of the titanium « 





increased by using 2 copper or silver base, 
\r remaining pores are closed by iwht 
scraping, treatment with AgNQ, solution, and 

newed application of titanium I 

Electric Reena for Vitreous eeiiiinn, 
K. Rone. Met. Fin. J., 1955, 1, Feb., 62-63, 
76 rhe installation of Thomas De La Ru 
( Ltd leser d with details of per 

" iow Silicate Protective a on Metal 
Surfaces. (). Loebich Werkstoffe Korrosion, 
1958, 9, July, $24 he Inverron layer, 





protects ive coating for metals, 
is produced by floceulating a SiO, gel under 


and standardized conditions, followed 


I I geing treatment he film ot oxide 
lsorbed on the metal surface reacts with the 
SiO, film to form a thin silicate bonding film 


The S10, films 
to 400°C, and 
etal 
Mechanization in Enamelling: A Symposium. 
ae and Pretreatment. J. Sta Ve 


S resistant to temperatures up 


does not impair the polish of 


the m suriace L.D.H 


J., 1956, 3, Oct., 373-375, 379 \ review 
proceedings at the Annual Conterence of 
the Inst. of Vitreous Enamellers, Brighton, 
1956 Enamel Application. W. b. Noon 
376-379 \ turther review 


Direct Application of Finish- Coat Vitreous 
Enamels to = Steel. Met. Fin. J., 1955, 
1, Jan., 29 \ report of a symposiun 
General Ate le ab, A. W. Murdoet 
29-33 Shop Practice. BB. Zick 33-36 
Discussion. (36 42 

Solubility of Iron Oxides in Silicate Melts 
with or without Boron. K. P. Azarov and 


V. V. Balandina Doklady AN 157, 115, 
6), 1146-1147 Oxides of iron were added 
to silicate enamels and melted at 850°C for 
Oh and at 950° C for 4h and then quenched 
mn water The s hubility of iron oxides in 
namels was determined by the method of 








Andrews and Swift, which is based on a linear 
inetion of refractive index i per 
entage of iron oxides dissolved A series of 
irves showed that the solubility of tro: 


mtaining enamel 
irom b 


les in boron was higher 


than in those free ron. S.1.7. 


Enamel Adhesion and Chemical Constitution 
of Cast Iron. A. Hauttmann. ((f/essere’, 1958, 
45, May, 301 "304 4 description is given 
of the statisticall determined orrelation 
between enamel adhesion and = =6degree of 

saturation, Si, P, Mn, 8, ¢ oe 


The Use of Gabe Isotope 





Tracer 
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Technique in a Study of the Adhesion of 
Enamel Coatings. M Met. Fin. J., 
1955, 1, May, 196-198 Rad t wa 
ised as tracer and var i hanical and 
reted 
Improved Coatings for the Protection of 
Water-sealed Gas Holders. ( 
1958, 5, Feb., 44-46 \ { deseript 
: ol 1 x pert t that i { 
pr i pr t ned ] 
» ! ng I 1 \\ i “ft 
lee Iw } tl ! 
ts we yive tw t \ Vi 
Primer and « br itt } 
rh stern provided r 
nd Epikote r t 
it ! I kot r i t 
nsolidate th tandct} 
Other | er t i 4 
factotily treated.—L. B. w 
Surface Protection by Whirl Sintering and 
Flame Spraying. b. Gemmer iW 
Korrosion, 1958, 9, J ; 121 $23). Pr 
ited with ti mpl tior f thin ¢ ting 
tf high pol er plasti 1 net 


discussed. A bref outline of tl 
lal t spra il pre i ul i 
two techniques are ompare 
A Fight to the Finish. A nates of the Anti- 
Corrosion Battle Waged by the Paint Industry. 


G. H ites- Reed Tron St he 1958, 
Feb., 81 82 Phe high cost of cor 
stressed and the importance fapplyu pre 
ctive paints to steel correctl empl ed 
CLAD SHEET AND HARD-FACING 


Plate Coated With Suates Steel 1 


I . 1958, 25, SO) 
Italian The article deseribe in 

ting steel plate with a th iver 
tee! sheet. The pr ! I t 
the carbon steel betwe ' 
less sheet and rolling the whole t 
Aluminizing of oon with iontetoes Mono- 
chloride Vapour. S. A. Semenkovich and 
Smirnov Metall Obrabotka M 1958, 
5), 48-51 Che interaction at 950-L000° ¢ 
produce heat-resistir t gv. the hard 

V | t t d Ll Fe At 
higher tes peratures the yatiz otter nd 


Production of Copper-Ciaa Steel Tubes I 
s I i i 
Oboru oo a O eli, 1958, 149 155 

Experimental Production of PN Material. 
Strip arg ona with Ni and Al). M. Zick 
| ( 


/ r Ohoru Ze ta Oceli, 1958, 
27-45 Fabr n by 1 { 
| 0-O0F vhich 10 N 
nd 10 Al t t Mr} ( 
v th be resul nar i ! ta 
1 t th ( ”) lu 
1a} t s i h N 
sicte hot-r it lt i 
olled after condit t t - I 


15-20 h at 


bib 


Hard Surfacing 9 ee Unnecessary 
Replacement Costs. (Ws 1958, 37 
362 h > icet ne hard-surft 
pipe-lit i i it r 


POWDER METALLURGY 








Sintered Mechanical Parts. RK. Hauser 
Technique nderne, 1958, June, 297-306 
The suthor reviews sintered pla and 
ron and steels, with special refer t 
pp erties for mechanical partes Sintered 
material is classified a t poros 
The principles of sintering are discussed 
briefl ind the pr and sintering | 
s described \ ' es d limitations t 
th ' f sintered hanical part ! 
pointed it Var methods rré ! 
protectior ire con I 

Low- Temperature ‘Moulding: Development 


of a Steel-Powder and Resin Material Having 


Stable Characteristics for General Tooling 
Applications. lircraft Prod., 1958, 20, Feb., 
84—86). \ material known as Rezallov is 


deseribed with notes on its 


uses 


ABSTRACTS 


SURNAL OF THE IRON AND STEEL 


2OD 
Sliding and Frictional Materials Manu- 
factured by Powder Metallurgy. | 
{hha { 


j , he agc 


On the Constitution of Copper Ferrite I 
ke } i 


hy \ 
1956, 20, A 734 ( t rit 

| FeO. at } t , | 

> ( 
) j tur 
( . 3 () ! 
{ » } ) 

' Lion ¢ 

A Note on the Prep: aration of Manganese (II 
Ferri feos. A. B x ! 
M Chem. Listy, 1958, 52, (1 IN56 
1Sé 


An Improved X-Ray Method for Determining 

Cation Di ore in Ferrites I 

Ss. { }?} 

1958, 29, | 
Influence of Copper and Vanadium on the 


108 rh) 


Sintering of Mag nesium- fang mg has Rr. D 
a 7, 28, D 
isi] he 
PROPERTII ) TESTS 
Erratum 
\ 191, J 1059 
Lin ) tt 
t 4 4 


Proposed Recommendations Affect ting Stan- 
Gate on Steel. l , 1957, $7, 
\ ind rrectior t ' 
Internal Friction ‘Monsurements on 
-Iron and Technical Steel. ti 
H. Fini 


Pure 


a: aul - 
Study on Spring Materials tt 
le to Haq 1058, 44, J  ga-49 


nee : 
Peak of Internal Friction Connected With 


Diffusion of the Hydrogen Molecule, Caused 
by Stresses in High-alloy Chromium Nickel 
Steels. Kun Chi Vir I 
t. Alet i 5, S20 Ir 
leta PI j 13 
Lt t ' 
25 ( i 22 
I) 1 
t R t 
head | ' 
~ 25 } 
t | } } 
\ I t tk 
‘ } t t i 
Investigation by internal, 


Friction of the 
Tempering of Hardened Steels. |. N. | rr 


INSTITUTE 








296, 

kova Fi Met. Metalloved., 1957, 5, (1), 
102.105 lr relation between internal 
friction i rhor teels and their thermal 
treatment r various concentrations ot 
carbon, was investivated by the method of 
torsional oscillations of small amplitude 
The carbon contents of the steels investigated 


were 0 O16, 0-28, 0-35, 0-45 and 0-589 
over the range from room temperature to 
600 ¢ The results are presented graphically, 
together with a rae discussion regarding their 
interpretation H 


The Plastic “el and Fracture of a ‘Brittle’ 
Material (Grey Cast Iron) with Particular 
Reference to the Effect of Fluid Pressure. 
B. Crossland and W. H. Dearden (Trans 


I.M.E., 1958, preprint, pp 12 Torsion 
tests were carried out with superimposed 
fluid pressures up to 35 t/in* Mode of 


failure appears to depend upon the volumetric 


stress acting Shear stress-strain curves are 
obtained and discussed and are also apparently 
related to 


atrain to 


volumetric stress. In torsion, 
and rate 
increased fluid 
pressure suppresses any tensile component 

Analysis of Elasto-Plastic Behaviour of 
Metals by Means of a Photoelastic Coating 
Method. K Kawata. Sev Res Inst., 
1958, 52, Mar., 17-40 Epoxy polysulphide 


opolymer is used as a photoelastic 


failure is raised by pressure 


of change of strain is when 


material 
. 1 | » 
and practical examples of its use for solving 


stress concentration problems are given 


Three-Centre Integrals in Iron. M. Suff 
ezynski. dull. Acad. Polonaise Sei., 1958, 
6, (3) 195-198) A mathematical treatment 
of the constants in the matrix components of 


energy 18 given 
The Texture and Mechanical Properties of 
Iron. ©. J. Ball. (JISI, 1959, 191, Mar., 


232-236). [This issue 


Some Aspects of Preyield Phenomena in 


Mild Steel at Low Temperatures. W. 5 
Owen, M. Cohen and B. L. Averbach (Trans 
1.8. M., 1957, 50, Preprint 9, pp. 37) The 
sequence of events leading to gross yielding 
at. 196° © has been explored by metallo 


the observation of 


thin prepolished speci 


graphic techniques, by 


strain patterns on long 


mens and by precise strain measurements 4s a 

inction of stress and time The implica 
tions of the data are briefly discussed in quali 
tative terms by reference to the Clark-Wood 


dislocation model E. E. W 
Effect of Micro-structure and Heat-Treat- 
ment on the Mechanical Properties of A.I.8.I. 


431 = Steel. G. E. Dieter. (Trans 
1 1957, 50, Preprint 18, pp. 26) 
oo tensile tests on commercial 
forgings show that the transverse ductility is 


improved if no delta-ferrite 
The transverse duc 


considerably 


stringers are present 


tility is sensitive to quenching temperature, 
and retained austenite reduces the yield 
strength The latter effect may be mini 
mized by refrigeration E. E. W 


The Effect of Rate of Stress Application and 
Temperature on the Upper Yield Stress of 
Annealed Mild Steel. J. A. Hendrickson and 
D. S. Wood Trans. A. S. M., 1957, 50, 
Reprint 27, pp. 13 Iwo theoretical pre 
dictions are both based on 
theory, but differing 
and approximations 


presented, basic 


oncepts of dislocation 


in Various assumptions 
have 


both 


measurements 
yreement with 


Experimental given re 


forms of 


good a 


theory E. E. W 


Brittle Fracture of Mild Steel in Tension at 


sults in 


1 Cc. W.S. Owen, B. L. Averbach and 
M. Cohen Trans 2 M., 1957, 580, 
Preprint 41, pp. 22 Strain pattern and 
microscopical changes preceding fracture were 
observed and the local strain situation was 
measured on long-strip mild steel specimens 


at testing speeds of between 8-9 10-* and 


1-6 1O-* im. min The observations were 
compatible with Low’s applheation of the 
Griffith-Orowan concepts rather than with the 


dislocation pile-up theory E. E. W 
Measuring Local Strain under Static Load. 
Rapid Replica Technique (Engineering, 1958, 
185, June 6, 726-727) A method developed 
at the Roy al Aireraft Establishment is 


described in which a seratch pattern is lightly 
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inscribed on a specimen and replicas taken 
before and after straining are compared 


Volume Deformation in Bending. Yu. | 


Bondarev (Fiz Vet Vetalloved 1957, 5, 
(1), 106-109) Uniform elongation of a metal 
under stress is a characteristic of its strength 


constant conditions 
deformation in 


unde r 
its volume 


and deterrnines 
the magnitude of 


unnotched specimens: also the spreading of 
deformation Metals with large umiform 
elongations are more capable of resisting 
flexure up to appre iable angles without 
destruction than are metals showing Ilttle 
uniform elongation In the first category 
the deformation extends along the greater 
part of the length of the specimen, and this 
causes less - rmation per unit of cross 
section. I 


Study of the Hot Workability of Low Carbon 


Steel (II). T. Akutagawa, Mishima, E 
Asano and A. Suseki inn. Rep. Eng Res 
Inst., Faculty Eng. Tokyo Univ., 1958, 16, 
Mar., 49-54) In Japanese The effects 
of Cu and Sn in 0-08-0-20°, C steel were 
studied by hot bending and hot rolling tests 


and examination of structure Concentration 


oceurs at the surfaces and grain boundaries 
and tends to produce cracking during hot 


rolling 

Fracture Mechanism of Semi-Brittle Steels 
in Torsion. J. B. Hunt. (J. Mech. Phys 
Solids, 1958, 6, July, 321-326). A pattern 
observed on certain mild steels fractured tn 
torsion led to investigations which 
a mechanism of tensile failure and sliding in 
shear 


The Energy Stored in Ingot Iron Deformed 


showed 


by Torsion at 25 C, C and 185 C. 
}3 P. Wang and N. Brown. (Trans. A. S. M., 
1957, 50, Preprint 53, pp. 30) Energy from 
0-3 to 1-1 ecals'gm was found to be released 
in two stages, the first attributed to recovery 


from deformation and the second and major 
portion to recrystallization.—k. FE. w. 

Some Relationships between Torsional 
Strength and Electron Microstructure in a High 


_ Steel. S. T. Ross, R. P. Sernka and 
E. Jominy (Trans. A. S. M., 1957, 50, 
Pres yrint 46, pp. 28) The torsional yield 


pte hardness relationship for 
quenched and tempered SAE 51100 steel is 
linear only up to about 57-5 Re. The same 
relationship is linear for austempered steel 
between Re 53 and Re 60 and ductile fractures 
were exhibited. Percarbide films and elon 
gated cementite particles in martensiti 
needle boundaries were observed in quenched 
and tempered samples displaying erratic 
yield strength results and brittle fractures 

Effect of Grain Size and Carbon Content on 
the Yield Delay-Time of Mild Steel. J. M 
Krafft and A. M. Sullivan (Trans. A.S.M., 
1957, 51, preprint 65, pp. 30). Compression 
loading was applied to a cylinder for 5 micro 
sec. and held constant for — 600. The time 
during which the load is supported, if the 
specimen gives way, is noted as the delay time 
characteristic of materials with an 
upper yield point In pure iron the yield 
point is linked to traces of C or N, it does not 
oceur in single crystals \ similar effect is 
noted in polycrystalline iron where the grain 
size has a dominating effect. This is discussed. 

Studies on the Lattice Imperfections in 
Solid Crystals and their Application to the 
Problems of Cold-working of Metals aud 
Photographic Sensitivity. H. Kanzaki 
(Tokyo I Rep. Inst. Ind. Sci., 1957, 
6, Sept., 283 In English}. Experi 
mental reported on the be 
haviour of phonons, electrons and _ holes, 
excitons, vacant sites and interstitial atoms, 
foreign atoms in the lattice, and dislocations. 
The usefulness of metals and alloys depends on 
lattice imperfections and their interactions, 


versus 


and 1s 


yea 
230 


studies are 


mainly of vacancies and interstitials with 
dislocations Cold-working is the movement 
ot a — external stress. (29 


references) 

Some Siaevetions of Deformation Structures 
in Hand Impact Tools and on Splinters from 
Such Tools. A. Hultgren. (Jenkont. Ann., 
1958, 142, (5), 229-245) Local plastic shear- 
ing has been observed in used tools. Splinters 
from beet-hoes are studied, and an unhardened 
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chisel head showed contained 
no light-etching la 


A Survey of the Mathematics Available for 
bk 


upsetting, but 


yers 


Describing Fracture. Scheidegger 
(Can. J. Phys., 1958, 36, Mar., 300-308). 
Dislocation theory is used to formulate a law 


of spreading for a crack under various rheo- 


logical conditions 
The Testing and Properties of Heat- Resisting 


Materials. (*(Centra Research nstitute 
Technology and Engineering, Vol 79 of 
T's NIIT’ Mash Series, 1957, pp- 214). On 


the Mechanism of Diffusion in Solid Metals. 
I. L. Mirkin (5-24). A Study of the Creep and 
Rupture of Steels in Zones - Stress Concentra- 
tion. I. L. Mirkin and I. Trunin (25-45 
The Effect of Temperature ‘Variations on Creep 
Resistance. SS. |. Matveev an Trusovy 
(46-60). The Effect of Heat Treatment on 
Relaxation Creep in Austenitic Steels. I. A 
Oding and Z. ?} Patropavlovskii. 61-80 
The Effect of Molybdenum on Relaxation 
Creep in Low-Carbon Pearlitic Steels for Steam 
Pipelines. V Tseitlin. (81-86). Cast 
Austenitic Steel with Decreased Sensitivity to 
Intercrystalline Corrosion. (. P. Fedortsoy 
Lutikov and TT. S. Griboedova. (87-104 
A steel with 15°, Ni, 15°, Cr, 3°, C and Mo, 


W and Ti is described Austenitic Steels for 
Large Cast Turbine Components. L. P 
Nikitina and A. 8S. Tereshkovich. 105-129). 


More tests on the above steel are reported. 
A Study of Production Steel Type EI 531. 
M. A. Filatova (130-139) Welded Steam- 
Pipe Joints in Dissimilar Steels. 1. S. Slepak 
and M. A. Filatova. (140-148) Long-Term 
Relaxation Tests on Spring Steels. JT. | 
Volkova. (149-158). The High Tempera- 
ture Thermal Conductivities and Electrical 
Sanitation of Some Heat-Resisting Materials. 

Il. Perova and L. I. Knoroz (159-174) 
The Time Stress Relationship in the Second 
Stage of Creep. L. P. Nikitina 75-188) 
The Calculation of Limiting Creep Strength 
from the Plastic Properties of Materials. 
L. P. Nikitina. (189-197). Study of the 
Structure of Oxide Films on Heat-Resisting 
Steels EI.434 and E.1.395. S. A. Yuganova 
and B. I. Gorosakov (198-214). Table of 
Compositions of Steels Referred to in the Work. 

Effect of Ageing Cycle on the Properties 
of an Iron Base Alloy Hardened with Titanium. 
T. W. Eichelberger Trans. A. S. M., 1957, 
50, Preprint 21, pp. 34 An treat 
ment has been devel« ped that increases the 
creep-rupture time for both and notch 
bar specimens, although the notch sensitivity 


No change 


ageing 
plain 


in creep has been greatly reduced 
has been produced in the room temperature 
or 1200° F tensile properties E. E. W 

Creep Characteristics of Steels for Gas Tur- 
bines. ©. Roques, C. Dubois and P. Bastien 
(Rea Mét., 1958, 55, Mar., 227-259) \ 
critical review is presented of creep test pro 
cedures and of methods for interpreting the 
results. Details are given of tests made to 
in the most important 
These 


10,000 h 


assess materials for use 
include more 
tests and 12 
25,000 h. Inspection 
problems are and the importance of 
yood ductility in 
components is stressed. B.G.B 

Steels for Use in Steam Power Plant Operat- 
ing above 950 F: Creep, Stress-Relaxation 
and Metallurgical Properties. N. P. Allen 
and Sub-Committee J/E Brit. Elect. Allie 
Ind. Re Tech. Rep., 1957, J/1 170, 
pp 59). 

Operating Experiences with High Tempera- 
ture Steam Turbine Rotors and Design Improve- 
ments in Rotor Blade Fastenings. J. |) 
Conrad and N. L. Mochel (A.S.M.E. Paper 
No. 57-PWR-10, 1957, pp. 51 The failure 
of a en in 1955 and its repair and e xperl 
ences with Cr-Mo—-V and Ni-Cr—-Mo-—V steel 
rotors are described. 

Experience with Chromium Molybdenum 
Vanadium Steel in High Temperature Bolting 


turbines 
5000 h 


parts of 
than 30, 


yas 
and 
10,000 to 


lasting from 


discussed 


high-temperature certain 


{ sa0 


Applications. RK. (i. Matters and CC. D 
Dickinson. (Trans 1.8.M.E., 1958, 80, 
Feb., 330-334). Within the past two vears 
Cr-Mo-V_ bolts have failed in two central 
station turbines. From an examination of 
the bolts the cause of failure is analysed and 
MARCH, 1959 














recommendations to avoid further failures are 
made A. ¢ 

Axial Defects in Cold Drawn Ball Bearing 
Steel. ©.M.Chekhomov,and V.N. Davidyvi 


(Stal’, 1958, (4), 354 Axial defects are ail 
detected by examining fractures from both 
ends of the rods They are classed as shrink 


ave and show up as ~ $ in eracks and are 


not usually associated with inclusions Ther 
was a decarburized layer at the ed of the 
defect in 20°,, of the 
contained slag and in 50 the 
region of the defect was completely satis 
factory These de attributed to 
peping. but even with 18 discard were not 
‘liminated, nor with av 
Sane ritudinal that the 
defects porosity. Im a 2-5 t 
ingot there was porosity extending as much 
as 3 ft 6 in. into the ingot or two-thirds of the 
total height It was decided to increase 
taper f length to ce 
liameter Taper was increased to 8-72 in 
the top and 6-65 total Crystallization 
then took place from bottom to top The 
feeder head was increased to 24-2 of the 
total weight of liquid metal These measures 

duced defective heats from 28-9 to 13 
over a period of vears 

The Hardness of Metals. M. J. Druyve 
tevn and M. A. Meyer. (* Metalen., 
(12), 203-206 A thesis. Methods of det 
mination are outlined and evaluated 

A New —— Hardness Testing minatine. 
R.S. Marriner and F. C. P. Mason Ve 
1958, rg =e 47-51). A deseription 
is given of machine using a 136° pyramid 
diamond indentor, and built at the N.P.L 
to calibrate hardness blocks.-a. G 

Apparatus for Determining the Hardness of 
Metals at Temperatures up to 3000 F. Ele- 
vated Temperature Hardness of Iron, Molyb- 
denum, Tungsten and §-816. 5S. Semehyshen 
and C. 8S. Torgerson Trans. A. S. M., 1957, 
50, Preprint 12, pp. 9) An apparatus using 
a synthetic sapphire pyramid penetrator 1s 
described: a purified argon atmosphere pro 
tects both the test specimen and the heating 
oxidation The sensitivit 


rejects, in 30°, the zone 
metal in the 
fects were 
oidance of pigeon holes 
sections suyyested 


arose from 


and reduce the ratio o ntral 





lurqia, 


element = from 
of the apparatus is determined by hardness 
values for pure iron at temperatures of the 
a-—> y transformations E. E. W 

The Response of an Iron-Base Alloy, Hard- 
ened with Titanium, to Various Ageing Times 
and ee T \ Kichelberyger 
(Trans. A.S.M., 1957, 61, preprint 60, pp. 29 
ri, Mo and V were studied in the age-harder 
mmercial Ni-Cr-Fe alloy between 
1600° F from 1-512 h. lime to reach 
aximum hardness is shown as 


1loo 
a function of 
temperature 

Stress Conditions for Brittle Fracture of 
Mild Steel. T Yokobori, H. Hamamoto and 
A. Otsuka. Nature, 1958, 181, 
1719-1720) Torsion tests at liquid ‘ir 
temperature we and neither the 
tensile stress nor the 
shear stress conditions were found to 
Mechanisms are indicated 

The Influence of Sulphur and Oxygen in 
Causing Red-Shortness of Steel. A 
J. Koeneman, and G. Lagerberg 
191, Mar., 240-250). [This issue 

Cleavage Step Formation in Brittle Fracture 
He ge J. M. Berry. (Trans. A.S.M., 
1957, 51, preprint 57, pp. 44 Singk 


of Si-Fe were cleaved in the [110! direction 


June 2 
re carned out 
maxtmtim mAaANItuG 


apply 


Josefsson, 


JIST, 1959, 


erystals 


by driving in a wedge Temperatures from 
196° to 25° C seemed to have no effect 
on the ation 


steps 


propag mechanism. Cleavage 

examined and found to become 
smaller as distance from the notch increased 
rhe role of plastic deformation is discu 

Influence of Internal Stresses on the Forma- 
tion of Flakes. Brainin, V. A. Khar 
ehenko and A. Il. Kondrashov. (Stal’, 1958, 
4), 342-348). Forged Cr-Nisteel with 0-39 
C, 0-62% Mn, 0- 22%, Si 0-65°%, Cr and 1-2 
Ni was used and it was confirmed that flaking 
was due to the simultaneous 


were 


ssed 


action of H 


and tensile stresses. In the outer zone where 
H, is negligible, flakes do not occur even 
under high stresses and even very small 
compressive stresses can prevent flaking im 


the centre of the zone of maximrmnum hydrogen 


MARCH, 1959 
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it Large forging must bn om ed 





viv after annealir t re nt flaki 


‘Brittle to Ductile Transition Temperatures 


of Binary Chromium Base Alloys. P 
brahamson jun. and N. J. Grant Trans 
1.8. M., 1957, 50, Preprint 14, pp. 17 rh 
transition temp rature r brittle tr ture ! 
Cr alloys with up to 30 of various ¢ ment 
has been studied There is a correlat 
between the rate of transition temperatur 
change and the election conf ration of the 


solute element in br iron t W 

The Initiation of Brittle Sunstone in Mild 
Steel. J. A. Hendrickson, D. S. Wood and 
D. S. Clark Trans. A. S. M., 1957, 50, 


Preprint 28, pp. 22 rt results of test 
indicate that the initiation is pg erned by a 
critical tensile stress which is independent of 
temperature or rate of loading It } j 
be possible to predict the conditions under 
ich brittle fracture will oeeur 
having ! notel r pr led tft 
fluen 4 iperatur nd stress rat ! 
tl lek r it tr tr tur tr 


are knowr KE. E. W 


Carbide Precipitation and Brittleness in 
Austenitic — Steel. Kramer and 
W. M. Baldwin, j Trans. A. S. M., 1957, 
50, /’r fae Is The tensile ductilit 
oft ite ag “\ISI Pypes 304 ELC, 304 and 302 
in the annealed condition dr ped a th 
strain rate was increased, the drop being great 
est at room temperature Chere w + max 
mum at room temperatur vith low train 
rates but it inereased stead vith temperature 
at high strain rat Magnet measurements 
of the martensite forn 1 during deformation 

mnifirmed earlier result In the nait d 
material the percentag { sensitization was a 
function oft the eart t cont nt { rtd 


embrittlement showed primari im t rane 
of low temperatures at Ww stram rates 
Discussion of Temper Brittleness: Part II. 
D> Sadovsku etallor Obra Vet., 
1957, June, 31-42 " review of the theory 
with 58 refs 
Brittle Fracture. (©. M. Boyd Vetalen, 
1958, 18, June 15, 200 205; June 30th, 224 
228 In English Fractures of irious 


iis are desertbed and lustrated and th 


patterns formed are discussed rh t i 


of brittle fractures is considered The Prob- 
lem as it marge Today. This section d 
with the efte Of temperature on { pensit 
to britth septal relation of toughne to 
strength, the influences fv ling st es on 
the imeidence of brittle fractur md remedial 


! iure 
A Study of the -—" of Carbon in Temper 
Embrittlement. | 3. Mikus and C. A. Sic 
1 


bert Trans S. M., 1957, 50, Preprint 
MY, pT 1 Kleetron microseor wid mut 

rad raph ! 1a ver l a 3140 
xt ! lsothert t itt trnents 0B Mh 
wer tivated \ ber « eories 
vas evaluated and a ney echanist pr 

posed based on the development { strained 
prior austenite boundari during the en 
brittling heat treatment EK. 4 


The Effect of Aluminium Nitride on the 
— Peegenty of Cast Steel. 1). K. Butakoy 


LG5k, »), 457-463 Vaeuw cast 
eal onfirmed that one cause of interyranular 
brittleness is AIN precipitation at austenite 
boundaries fo eliminate this both N and 
Al should be kept to a minimum by correct 
slag procedure to isolate the metal from the 
furnace atmosphere with a slag of low gas 
permeability Rapid cooling and homo 


enizing of the cast steel and forging and 

greatly reduce the 

the precipitate R.S 
Brittle Fracture in Steel as Related to Fuh 

Welded Line Pipe. M. A. Scheil, 

0g i L. Henry and | H Uockes 

41, Mar., 59-63 


steel with O-2-0-3 ( is consideres 


rolling harmful effect of 
t 


988. 





metallurgical concepts and design factors are 


eviewed A curve showing stress and ten 
perature conditions for rack propagation is 
obtained and the  nil-duetilit transition 
temperature lerived 


Machine- Tool Materials: Coefficients of 
_ Surface Friction. A. ©. Schmidt and 
Weiter vundry 7 /., 1958, 104, 


ABSTRACTS 


ALY 

\ 1 OS _ hard land ground 
il nad hand-ser i t iro ver 

1 a ! ria itl fer f ist 

! ro. amd nom-t ta anal 
Iriet rat vear and et! brication 

“ rm I t 

“The Intrinsic Variables atocting, the Stick- 
Slip Process. &. Kabinoy Phy 


Soc., 1958, 71, Apr. 1, 668-¢ 


New Coefficients Predict Wear of Mata 


Parts. Kk. K Prod. Eng., 1958 
29, June 24, 71-73 Wear processes are 
1 i i i i? ‘ aber ‘ rrosive 
’ - ‘ it I it f th 
! t and mt rta i | ind a 
r i r pred 1 ur rt 
t flicient sear, and thod f 
let ning th I how estimation of 
‘ {th ther three ty, ’ ii i | 
ind t fixed bug i wear 
irre worked exal 


The Mechanic al Wear of Metals W 

J pl. Phys., 1958, 9, Apr., 125-132 

\ review The design of xperiments, law 

iniubricated wear and th re ot wear 
ind lubrication are aC USSE 


1 
Factors Influencing ‘the wer tend ot Steel 


Castings to High Stress Abrasion. | 
Normat Mod. Casting 1958, 33, Ma 
89 8 4 short t t jure } 

vl ' t i t ry 
ritirnt r Variat i ra i! 

t rs \ that } ur 
t iit Is Carl at t t T Moras ! 
re tance than the t ' 12 Mn 


Investigation of the Condition of Stress of 
Surface Layers of Solid Bodies Rubbing Against 


One Another when Slipping To and Fro 
K \ Savitsh wnd Yu P. Geraskevich 
ky Vet Vetalloved., 1957, 4, ; 19-526 
Th Xperiur tal result et itint art 
= t t ter itin iif t ' ping 
i ! t fr tal } t is t an 
ippr ble reduetion in re sta t felorma 
tior i th iter i r i itening 
Pher Its a ti I m that th 
i rl ! ! ping Lon t wi to an 
ipplementary weecumulat n i ation 





the deformed lattice L.u 
” Sxtnene Magnetic-Fisla Apparatus for Con- 
stitutional Investigation of Steels. \. Salmont, 


Dedieu and Bastien hee VWet., 1957, 
54, Dee. 897 909 The apparatus is de 

ned tor sure th niter t of magnetiza 
tion of specimer ipproximate 100 mn long 
und 6 mm dia. betw n2Q0and 700 Candina 
magnetic ft 1 between 100 and 3500 oersted 
The results of preliminary tests are described 
nd illustrate the scope of the apparatus 
The Transverse Magnetization of Iron- 
Silicon Alloy. V. V. Druzhinin and ¥ \ 

LATON Vet Metaiteoed . 1957, 5, 
1), 164-168 Results are given of investi 
vations of t transverse magnetostriction of 
ke-S ntaiming from O-4 ¢t 7 Si 
The ! rt 4 carr i t with 
uw a tr it fastening them to the 
speci It tter ere ad hot and 

i 1 st tt magnet tr 

ired i funet ft ! 

' tr t i if r iit ure t 

graphs both tor the longitudinal and 





verse magnetostriction for various ¢ 

Rapid Method of Identification of Alloys 
and Special Steels. J. Four Elect., 1957, 
62, Nov.-De , 209-210 4 dea 


ription 


ven of the possibilities and limitations of 
the Klecetro-Test method otf analysis, using 
special reagents and electrodes It is claimed 
that the method will identify and determine 


entrations of certain elements and 
uioys with a relative error of 10-20%. 

Influence of Recrystallisation on the Texture 
of Low-Carbon and Dynamo Steels. K. \ 
Grigorov, G. P. Blokhin and M. Ya. Zakutner, 
Fiz. Met. Metalloved., 1957, 5, (1), 150-153 
The magnetometric method was used in the 


investigation of the change of texture of 

ld rolled low-carbon and dynamo steels in 
th == transformatior Under _ slight 
leformation of low-carbon and dynamo steels 
the character i the texture changes with 
Ly t in its definition L. 


Selection of the " Optimum Geometrical 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


299 














25 


Dimensions of Attached Electro-magnetic 
Coercive Force Meters Intended for Controlling 
the Quality of the Thermal and Chemico- 
thermal Treatment of Steel and Iron Compon- 
en ts. M. N Vet 


1057, 5. (1), 44.5 


H 
The State of the Atoms | in the Alloys of the 
Trae sition Elements. !. \ I I 


105 5, (1 17-22 rh 


i ted re, ( iN 
0-94, O-¢ ' o her } 
it 17, 0-44 and 0-7 

On the intesene of Elastic Stresses on the 
Electro-magnetic Properties of Electro-tech- 


nical Steels. A. DD. 8 \ Bi Vet 
VWetall 1., 1957, 4, 3), 555-558 Experi 

ta r t ! ri tive ' reciat nf 
raigl th leven 

t hur | t 
' tr ; a 

t t it tl prod t 

t part H 

Effect of Manganese on the Curie Point 


of Comontite. ert l'rans 
1957, 50, Pr mt Ll, py 21 he 


Vir 


Non-destructive Testing of Rotors and Other 


Parts of Water Turbines. | Phouvenin 
/ Wet., 1957, 54, De« 45 050 \ i 
| t i ribed 
I thod 
j P a. 
' th 
Basic Data: Incoloy “901"’ Nickel Iron 
Cheomiam Alloy. Internat, N ( fl 


A Portable Magnetizer for Magnetic Crack 
Detection. J.\W.\\ [ ( 
1958, 29, Apr., 118 12] 

Magnetic Analysis of Phase Changes Pro- 


duced in Tempering 


a High-Carbon Steel. \M 
[.S.2 1957, 51 reprint 


The Use of Non-destructive Testing on Stee! 
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Castings for rig yl Temperatur e Servis 2. 
0, 


Veeck. ki , 1958, 8 , 66-69 


“Theory of the Shubnikov 
| ; 


de ~an Effect 


Cher s , 1958, 4, (1-2), 1-10 I 
j ain. Lif ore 
" Quantum Theory 
of ‘the Electrical Conductiv ity of Metals in a 
Magnetic Field. | M Lifshits P 
Chen S 1958, 4, (1-2), 11-18 1 


Aaninaee and Limits of Non-destructive 
Testing. Ix 


IW s 
16, Mi: \pr.. 96-102 ( 
il lit mil I 3 
\y t ' a ! 
t ie at 


A Critical Survey of the General Limitations 
: the Non- ae ering Testing Field. |). \ 
d le ost. 1958, 26, Mas Apr 
3-312 
The Relative ‘Advantes ge and Limitation of 
Non- destructive ees ——— L, 


Ouwerker 58, 16, M 
Apr., 113-127 ee nt n and d i I 
rad rt method Restrictions on 
Sadicenenhe with High Energy. HI ler 
Hart On the Problem of , the Calibration 
of X-Ray Equipment. G. Morar Ultra- 
sonics: Ror Pech I Dienst. Mag- 
netic and Ponetrant enon tion. A. de Ster 


Black Magic or Technical Science. 1. * 
Definition of Non-destructive Testing. ( 
Mora Central Institution. A her 
\ wml deal of tt i i ( necer iW 

ling 

Discussion of the Relative Advantages and 
Limitations of —_ destruc tive Testing Methods 


H Kihar lestr 1 ‘ 1958, 16, 
lar.-Apr 127 132 4. F. Cota l 
134 Summary of Session. Kk x FP 
134-136 


Suggestions for Standardization and Develop- 
ment of the Classical Methods of Non-destructive 
Testing. : W. R. Seifert Nondes / 


1958, 16, Mar.-Apr., 138-142 Recommenda- 
tions for Techajeal Development and Stand- 
ardization. ‘(). Masi 143-14 R.B.O 

r 145-148 \W \ I 148-144 
I). C. Erdina 150-1 nee of the 
Session. K. A. P 152 

Ultrasonic Detection of Thin Laminar 
Inclusions. %. Serabian and ©. D. Moriart 

1.S.M A 1 \ 7-PWR-11, 19 
ect pp i4 n tur 

nerator t £ i t i 

! S ar ! ted t th ! 


The Cathode Ray Tube Type Ultrasonic 
Thickness Gauge and Its Application to Non- 
Destruc tive Testing. 


i i 1148 \ j 
/ 1958, 7, | 167 j 
| i t i tes 
i etl bed I ‘ 
SCH ’ i rot I 
leta 
The Ultrasonic Control of Materials. | 
I urd wer : ( Ml 1958, 42, 


Image Quality in the Radiography of Heavy 
Sections of one Using High Energy Radiatic on. 
\ R 





Chant ind | lencare 
| s Mar... ZIS > 65 \ stud } a | 
1 tim t i ? 
t i | phir ; loo 
ast “mre k\ ting ye G 
rator t 1-Me\ j i i 
net } 3 \ 
( raciat lOO and Zou: j ty 
The Metallographic Apr tonti on “of X-Ray 
Scanning Microanalysis. |) rd 1 


Comparative Measurements of the 
Pressures of Chromium 1 Iron by 
of Vaporisation \ . a 


/ Wet t 1957, § 1 r} 


Vapour 
the Rate 





( Fe 
— High Temperature Properties of 18-12-1 
Cr - Steel. A Summary of British Data 
] 


I G H.W. Kir 


A New Method for Measuring High-Tem- 
perature Stresses with Strain-Sensitive Cera- 
mic-Base Coatings. | B. Stern lach 


A Magnetic Method of Detecting 
in Metals. S. i iK.V.1} i 
. 156, 3, (3), 483-48 The N 


Diffusion 


Radiographic Investigation of the Diffusion 
of C ‘ar bon in [ron Alloys Z na 


5. 


Superstructure and Temperature Dependence 
of the Energy of the Magnetic Anisotropy of 
Nickel Iron Alloys ! J l t 


On the Role of Closure Regions in Technical 


Magnetization Processes. \ Ss. SI \ 
\} ivy AZ j 
f l os. {8 62 -11¢ I 
t { 
| } 
1 
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rowth sti i ' The Velocity of Sound as a Characteristic j pre 
1 str i th Value for Assessing the Properties of Cast Iron. range 1100 1400 ¢ 
tat R. Zievler and R. Gerstner Giessere 1058, tt mt Nv 
I I) t t 45, April 10, 185-193 It is shown by @ series iT 
t f investigations that the velocit f sound u ryet \t 
The Domain P tae ture of Ferromagnetics at t ir which be mea 1 en wet ni 
re go eng oa Ya. Katszer 1 ' { be used to deter w i i. Int 
1, 8), LI7O0-11 , j lasticit as haa ; 
Dor ! tt t i 1 siz it yraphit { turat ( he j 
t ay , itt it iyested th t | ' t i 
i t iso ¢ ‘ t e could be yplhied to other mater brett ‘ ( 
| nd ‘Detection of Detects in Sheet Iron juer | O ' 
" 7, 35, 1617-1619). An outlu 475° ( 1 
! I tt per iitra nic, electrical and ! het } 1 1 
ire rat } ld t nid } ds available tor the non-destructive test tion 1 
Direct Observations of the Domains of a sheet for defect D.H The Lorentz Constant for Steels. | 
Ferromagnetic with the Aid of a Secondary- "“Srccneaie Testing of Materials. P. Heérnar Krzhe / i 
Emission Electron Microsc ope and an Electron linquer Rev. Gen. Méc., 1957, 41, Nov 28, (| 12-200 H 
Miieree. a. ¥. ts N. G. K ‘ ~1.8 $01 404 Iwo methods for the ultra W ! i i 
Sbitn l N Pri } l N I) testu of mat al re d ribed with sp brat t 
\ Ix \ tse / 4 re t tt | tion { det t i tu ” afi 
I 1 21, (8 1 Lise i i he method an} : i ed t 
: ‘ ‘ t ! oO the testi non-metallic material lilferent 
Ultrasonic Material Testing. FF. Wolt Vh ! 
I ! tech 1958, 24, Feb., 20-22 In Dutch I n ste i ¢ 
It ar leseribye i direct reflection ' 
, | i t i} r t i t it i ra ‘ tur nt 
t it ’ graph and tut i detecting de t I The Behaviour of Steel at Elevated Tempera- 
I to seer i | ice is made to it it tures: A Review of the Liter: ature Published in 
t I tir n diff nt nad veld 1956. A. Kriscl 78, 
t i vith 1 n the tvy fd to 1 Jan, 23, 104-109). 1 { 
y surta I | t feet ted ! h hape of the reflection ¢ ! t 
shown ar f ewn on the imstrument screen F. R.H 
On the Conditions of Demagnetisatic on of Determination of the Radiographic Values p | 
Test-Pieces of Electrotechnical Steels. \. \ of the Elastic Constants of Cold Elongated t t 
Druzhinin and = ¥ 2 rey Za Armco Iron and Chrome Molybdenum Steel te t 
1957, (12), 1451-1454 In | Ef. Macherauch and P. Muller irch. F nhiit, Study of Deflection under Load at High 
I types of ele t nical i " 1958, 29, Apr., 257-260 [wo possibilities, ome oe K ! ‘ / / 
tig i and has ! that t ising fron the theor of elasticity. ' 1957, vith ser , 13, Oct., 650 665 Ihe 
n ! t t ! jeter t t lastic constant t X-ra il t | | 
) 12 t lag | t } liscussed leta rh tandard t 
f i | I lr 1 x peri nd ted nh sy il i erl tor 
ments with I t it) Armeo tron and Cr-Mo stes ith 1-0 ('r r \ 
j ‘ t rer t th d 0-2 Mo, nder uniaxial loading In 
i i 1 l I 1 with the theory, no dependence itn r 
net 1 th t the elastic constants on the direction Research on the Deformation of Steels at 
let ' ‘Sur nt w found, or on the applied Elevated Temperatures. ‘ I rd and 4 
Electrical Resistance and its Change in a stres Blau P / Rech. S As 
Strong Magnetic Field tor Iron Nickel Alloys The Use of Proportional Counters and Pulse No. 174, 0 1 SS). J 
in the Low-Temperature (14 77 K) Region. Height Discrimination in the Counter Gonio- i | i at 
E. I. Kor rskil : &. &. Os ! meter. F. Bollenrath and H. Krings tre} ! t I i I 
Nauk S / 1957, 21, (s Lisl / nhiit 1958, 29, Mar., I89 191 | t ”) Ili ¢ 
1132 The t por 1} i ntages to be gamed tn th ise ¢ pruilse ! t ] ] 
t the tl g liscrimination un Cr-N teel with tl I} t 
AR, /] ! i t u ! rn eter are discussed -2 Lis Is ( 
tudinal magnet | I Non-Destructive Materials Testing with the rritic. Th parat 1 i 
( 10-100 N Aid of Radioactive Isotopes. 2. Schiebold and Study of Heat- resisting Steel. XIII. | 
ng 14-90 iN kL. Becket Technik, 1958, 18, May, 337 343 \san / to-Ha 105 43 ) 
Non-Destructive Testing of Metallic Materials | portan f non-destructive 1318 1325 I; J | 
by Means of an Electromagnetic Induction ting is emphasized, e production ft tion het i i 
Method. FF. Forst ull, 1957, 11, Oct id t sotopes and the techniqu pitated par | 1 
S37 S84 thi is a uw of theor thei s n testing I rmuthned, and S| | ( ic 1 (rMoN | 
per | I X-ray invest t s are compared L. DH mital I tea I Nin ( 
' t Autoradiography in the Steel industry. l Ma,Cg were found i 
Al Darra Hut 1958, 8, March, 74 I" Adaptability of 5°,, Cr-containing Steel for 
ee . my . application Heat- resisting, Applic ations. KK 
cher Wi I , os radiography mm rey, and the progress ot P. Kaur “Wy 195s 44. | 
hich we also discussed 4 rele u n ( hoslovakt it 142-145 [ny Japenese | ts from P 
Effect of Aluminium on Specific Losses of I graph materials, th wtivat i DBC di 
Transformer Steel. N. fF. D . Stal’, umples and their prepara ire deser ruse as heat-1 
1958, (3), 246-248). It is shown that, in the Examples of autoradiographs are given, a Bone ( 
lu 1 transformer ste« heets which the results of their stud ire indicated 
an the subiacted to hich temperature ai A Study of the Behaviour of Nodular Cast 
r { rod Determination of the Vapour Pressure = Irons Alloyed with Silicon, at High Tempera- 
, Iron Over Austenite. |! Vintaikur D tures. JT. Durnits MON i j 
of Al into th nt ly A.N., 1957, 117, (4), 632-634 rh Ihies , Wer. I v56, J 
\l, ! 1 for upparatus and ethods of study of pur ' ng ies : . 
j ‘ } | 1} } t . = I l t ! 
, - I and Fe illovs containing 2-7 and 4 ia i | 
rity ! t t ( t 1150-1350 C, are described 13901330 
pr sason +“ 7 In tl pure iron, a lit pres t iPR0-13B00 CL « 
Organized for Electronics : » 1958 perat inctior bs dd rresponding “aa 
142, Mar. 24, 112, 115 \ partment ; ’ qe = she 
tupt Weirton St ( kk 1 j j ! +} | 
t t t } t OHS i i ' 
vel i - ‘ t . j ' I 
A New Method of Measuring ry ee or £3 
the Speed of Sound. L.N Metall . x Fe-( a 8h LOWE seepe SP oaelen _ é' 
958, 49, Mar., 152-15 ica hancauen { s tl “ZY re situated slight high str . ‘ \ 
*t that the t hi “3 tl tr t ! hi t tt to > ! i me 
I i t } lin ' I t it ! 0 ster ! a tl ' r t t 
par ae . ; j > t wformation rh ‘ tlated | r 
: stilized. a ibsorpti r other of sub! t ry but little with rho Bibliography on Low Temperature Charac- 
, In th ! wn be it yntents I teristics of Steels 1904 suse. ls Jar 
reased Chromium Vapour-Pressure Over Solid Publicat the Intery uw ¢ Ii 
fre 1 il a men Alloys. | Z. Vintaikin Vew York, pp. 65). Contains 5641 nd 
ym j Joklad j 1458, 118, , 977-979 The hor ind | tr 1 | rae 
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Experimental Difficulties in the Measure- 


ment of Self-diffusivity During Compressive 





Creep. N. Ujiiye, B. L. Averbach, M. Cohen 
and V. Griffiths icta Met., 1958, 6, Jan., 68 
Errors have been recognized in a method of 
measuring the coefficient of self-diffusion of 
iron under compressive creep which involves 
measuring the change etivitv ina plated 


I 


r 


the 


aver of Fe It has been found that, under 
reep conditions, s¢ diffusion is more rapid im 
electrodeposit than in bulk A. D.H 


The Influence of Chromium, Molybdenum 


and Tungsten on the Selt-diffusion of Iron 


in Dilute «-Solid Solutions. J. B. Borovskii, 
K. P. Gurov and Yu. G. Miller Doklady A.N 

1958, 118, (2), 280-283 Six alloys of iron 
with Cr, Mo and W were prepared with the 
content of the second component varying 
from ~ 0-1 t 4 atomic ° Small plates of 
these alloys were covered electrolytically with a 
thin laver of **Fe and the samples were sub 
jected to annealing at 772°, 831° and S9S* ¢ 
ifter which the coefficients of self-diffusion 
of iron were measured and plotted against the 
percentages of the second component The 
nature of these « ee Ghecvetioal dedu 

tions are discussed s.1 


Preferential Diffusion of Radioactive Iron in 


Alpha Iron Grain Boundaries and Its Relation 
with the Structure of Grain Boundaries. ‘ 


Levmonte 


and P. Lacombe Rev. Mét., 1957, 


54, Sept., 653-662 A thin laver of radioactive 
“ke and *Fe is electroplated on iron samples 
of different purity. Samples are heated in an 
atrnosphere of H, or A. Suecessive lavers are 
electrolytically removed and ifter each 
dissolution an autoradiograph is obtained. By 
examination ot the autoradiographs the 
diffusion appears preferentially in the grain 
boundaries it low temperatures Results 
show that diffu ion may be considered only 
above 850°C as a pure volume diffusion 
The penetration of radioactive tron into the 
grain boundaries depen on the five 

metric pare sans wr an them ' 


Intergranular Autodiffusion 


Methods of Study and Factors Sinansing 
in Metals. ( 


Cizeron Wét. Corr. Ind., 1957, 32, Sept., 
315 332 A comprehensive review of this 
subject is presented, Grain boundary structure 
and energ ur first considered and this is 
followed by an assessment of the methods 
available for studying this type of diffusion 
The results obtained by a number of authors 
are reported and discussed 5% references 


Method of Investigating the Effect of Pres- 


sure and Deformation on the Self- oe 4 


Iron. T. | 


Kishkin Zavods 


wa, V. S. Gorbs v, 8 


Zhukhovitsku 8 s r 
Lal 1957. 12), 1438 


CGrudk 


sokshtein, A \ 


1439 In Russias A special apparatus was 
evolved, a description of which is given, which 
permits the imvestigation n acuo, mm test 
specimens, of the annealing diffusion under 
the influence of tensile stresses, in the elastic 
zone as well as in various stages of plastic 
detormation L. 


t 


The Diffusion of Carbon in Titanium Con- 
aining Gamma Iron. J. Prohészka. (Koh 
apok, 1957, 12, July, 269-275 A method 


is deseribed for determining the diffusion of 
( in Ti containing iron The method 
consists of heating butt welded high carbon 

low carbon titar steel specimens between 


ooo 


weld. It was { 
diffusion coeth 


the Temperature Range 20 90 C. W 
h.f 


aki. (Ar 


dence of 


rds carrying out 
the 


lOem of 
ases the 


1200 C, and afterw 
analysi of layers within 
ind that the Ti deere 
rent of carbon P. K. 
Diffusion of Hydrogen through Iron Sheets in 
Raczyn 
Depen 


rate or 


, 1958, 3, (1), 59-78) 
ithodic hydrogen 
nt density was « 


Jutn 
diffusion 


irre xamined and the limiting 


rate at which it ts independent was found 
Sheets <— 0°9mm thick give constants which 
are too low, probably owing to. surtace 
effects. The order for tron in thicker sheets 
was — 1O-* crm? sec Activation nergies 
were calculated 

lage 7 in Iron. H. Taxhet. (Stahl u 
Eisen, 1958, 78, Jan. 9, 50-52 rhe author 
reports inpublis shed work carried out by Prof 
S. Yanagisawa at Tokio University on the 


€ 


ffects of 


H, in with a modified conven 
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tional vacuum-fusion method for the estin 
tion of traces of H He describes two solution 
mechanisms for H, in iron and deals at len 
with the effeets of dissolved and diffused H 
Diffusion coefficients are given in a table fr 
5US°- 1049> ¢ Fick w is app it } 
diffusion of H, in iron, activation energ 
12,600 cal. g.-atom for iron and of 7220 « 
g.-atom for a-iron were tound Removal of 
H, from metals is dealt with briefly and finall 

the effects of absorbed H, on the electrical 
and magnetic nang of metals, including 
Ni, are discussed Ss 

Gases in Steel and a Siteve. H 
Feichtinger, J. Gremminger, H achtold and 





DD. Manderson. ( Berg-Hiitten. M ence » 1957, 
102, Oct., 257-27) The vacuum-fusion 
equipment and analytical apparatus used 
are described The gases evolved as the 
temperature is raised in steps are analysed 
separately and the progress of gas ¢ lution is 
registered on yas evo rar Equipment 
for separating non-metalhe inclusions on a 
continuous routine basis is described 116 
references) P. 

The Calculation of the Solubility of Nitrogen 
in Liquid Iron Alloys. M. G. Frohberg 
Stahl u. Eisen, 1958, 78, Apr. 3, 431-432 The 
graphical method of ¢ W. Sherman and J 
Chipman Trans 1.3.M.M.E., 1952, 194, 
597) is explained and an example of the 


discussed 


calculation of the nitrogen content 


Activities of Mn and C in Molten Fe Mn C 


Alloys. M. Ohtam Tetsu-to-Haqane, 1957, 
43, Nov., 1211-1215 In Japane se Solu 
bility measurements and e.m.f. measurements 
in a concentration cell were made for Fe-Mn—¢ 
melts containing up to 49° Mn at 1530 
lo” ¢ Fe Mn melts obs Raoult’s law, but 
show a gradual negative deviation on adding 
( The effect of C on the activity coeff. of Mn, 
and vice versa, are discussed The effect of 
Mn on the activity coeff. of C is about one 
third that of Cr. 12 references K. I 


Heat Resistance and Relaxation Stability of 
Chromium Vanadium and Chromium Tung- 


sten Vanadium Structural Steels. LL. Y: 

Liberman and A Boeva Vetall Obra 
Vet., 1956, 4), 2-10 This investigation 
obtained data regarding the influence = of 
V, W and © on the tendency to temper 
brittleness, resistance to creep, duration of this 
resistance and to relaxation strength The 
Cr-V steels show a maximum tendene to 
temper- and hot-brittleness meres 1 0-5 \ 


duration of re 
relaxa rth incre to l® V L.u 

The Effect of Titanium on ie eens of 
Casbentsing Steels. N. Hajto Lapok, 


Resistance to creep, sistance and 


ise 


ition streng 


1957, 12, Jan.-Feb., 3-14 ihe eed reports 
the mechanical properties of the case and 
re of carburized and afterwards variously 


Mn-—Ti steels with the chemical 


composition 0 12-00-26 Cc, 1-2 Mn. ane 
O-1 2-0 ri Based on these results he 
sugyests the standardization of such steels 
with 0-1°, Ti content These steels can be 
carburized at 920°C and give satisfacte 





mechanical properties, even in the transverse 
direction, after a simple oil hardening from the 
carburizing temperature, without any further 
heat treatment P._ 


Production and Properties of Boron-Contain- 
ing Non-Ageing Steel. Kh. Levinzon and D 


Ditvinenko. (Stal’, 1958, (3), 249-252). 
American Research on “a Steels. A 
2008 Ve natr an., 1957, 89, De« 
1015-1019 “tera Canepa Stil micro 
structure of steels but it improves the suitabil 
ity of the metal for tempering and avoids the 
draw-backs of ageing. Boron steels are suitable 


steel, st 


for spring eels for cold hamme 
deep drawn plate and sheet.—R. P. 


Improvement of Structural Steels by Aaging 
with Tungsten. L.S (Koh. Lapok, 1957, 12, 
Apr.-May, 163-169) The author reports 
Hungarian experiments on the heat-treatment 
ind mechanical testing of Mn-W steel castings 
and forged bars of dia. 30-130 mm Phe 
results of the experiments show clearly the 
increase in full hardening decreased 
tendency to overheating temper brittle 
alloying amounts as as 0-4°. W 
these the iuthor 


rng and 


sas 


and a 
and 
ness by low 


Based on 


experiments 
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A High- Strength Cast roy C.G. Mickel 








ind R. D. Engquist t. Prog., 958 
Mar., 97-98 A low alloy Mn -Cr- Mo th 
ind rare earth additions which can } 
treatec tensile strengths above 220,000 p.s 
has ex nt ductilhty and impact propert 
ind g wear-re tance is deserit It 
KnOoWn as Wearpact and is j 
dipper teeth for mining taconite 
similar parts. The tooth desig s shown 

The Comparability of Special a. (I 
Vour., 1957, 18, Oct. 24, 7 The 
Authority of C.E.C.A. is studving the poss 
ity of extending the classification alrs 
issued for structural steels to cover ay 
teels, especially the high-speed = steels 
note is here given reviewing recent pul 
tions giving specifications or deseriptior 
these steels in Germany, France, U.S.A., It 
Belgium and Holland, and some diseussi 
added 

New Low-Alloy Structural Steels. | 
Koslovski stnil Vashir 1958, 
6-10), Chemical compositions of the n 
steels ISKHGT and 30KhGT are followed 
their mechanical characteristics, de 
thermal treatment and of the effect Ss] 
wdditions of bor« L.u 


Low-Alloy High- Strength es. 





Paranjpe and 8. Visvanathar 19 
5, Jan., 1-9). The authors trace "'en vy th 
levelopment of low-alloy high-strength st. 
nd summarize the general rec ments 
structural steels. The mechar propert 
ind chemical compositions of rh-stren 
steels are discussed and their weldability 
orrosion = resistance are considered 
authors conclude’ b induc ee promisu 


lines of development 13 references 


Review of Work! on Ball- Seeaian Steels. 


tsu iqane, 1958, 


to-H 
In Japanese . (27 references K. 


A Fresh Look at Leaded Steels. “ 





(Prod. Eng., 1958, 29, Apr. 14, 72 
Relatively low fatigue strength is 
against ease of machining. Propert 
shown by tables and curves and cor iris 
with sulphurized steels is made Co 
briefly considered 

a Steels ve What Users Want. 
Steel, 1958, 142, 17, 126-129 Applica 
tions of * TI,’ a heavy duty steel loped by 
U.S. Steel Corp. are described teel is 
yuencl nd temy d all with 
strengtl rbout st s that of structur 
earbon steel typical composition is 
0-15 Mn, 0-925 P, O-014°, Ss, 0-020 
Si, 0-26 Ni, O- 88 Cr, 0-50 Mo 
0-46 V. 0-06 Cu, 0-32 B, 06-0031 
It may be used to advantage in 3 fields 
where it allow highter construction and « 
savings (e.g. pressure vessels 2) where 
allows lighter construction and improv 
performance (e.g. shovel buckets 3) wher 
gives improved performance (e.g une ¢ 
bottoms D.L.C. P 

New Steel for Aircraft and Missiles. Interim 
Report on American Progress. (/rit. Steel., 
1958, 24, Mar. 77-79). The properties 
Armco PH15-7 Mo’ are described. It is 
new precipitation-hardening stainless steel of 
composition 0-09 max C; 1 max Mi 
0-04 max P; 0-04%, max S; 1°, max Si: 
14-16 Cr 6-5-—7-75 Ni 2-3° Mo 
0: 75-1-5%, Al. It has good corrosion resistance 
and good mechanical properties at room an 


elevated tem 
behaviour 


Che 


sugges 


peratures 
shown by tests ts 


where creep is a factor. D.L.C. P 


Heat-Resisting Cast Steels 
Structural Characteristics. K 
Vvstyd Slevarenstvi, 
rhe present state 
eonditions in stear 
throughout the world 


and 
Lébl 





turbine 
is reviewed, 


development in Czechoslovakia is seen to lag 
several years behind Data sheets an creep 
curves of German and Russian steels 


given, and a review of foreign 
sources, above all from Russia. 
given of some comparabl Czech 


MARCH, 


. ©reDd., yp 


and 


169 


sim 


stress-strain 


its use 


Their 
and 
1958, 6, March, 7 


ch steels for el 


M 


76 


evater 
installatic 


thei 


1959 


and 
Phe 


are 
literature 
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nd tenit t ‘ but 12 
(rt eis nay not been produced \ 1 
Note on Stainton Steels. A. Portevis Ing 
Vecc., 19 6, Nov., 49-50 In Italiar 
This note el ictaoe ved inforr 


sublect of stainless steels and gives 
the 


j 
place 


tion on the 


t chronological deseription of iain 


have taken since 


of pioneers like Osmond 


velopments which 


the original work and 
CGauullet 11 retere 


American Stainless Steels. 


nces), M.D 


Vécan., 1958, 90, Apr., 255-257 line rticl 
discusses the applicability { staimless steels 
to the atomic energy industry, with particular 


reference to American practi ‘ ; 
Stainless Steels and Heat-Resisting Steels, 


Standard Compositions. Sciers Fins Sné 
1958, March, 102-113 The compositions, 
thermal treatment, and physical, mechanical 


and he 


stainless 


properties are presented for 
steels 


“at resisting 
and heat-resisting 
A list of French producers is appended 

Diffusion of Cobalt into Iron-Cobalt Alloy. 


urrent 


lr. Hirone, N. Kunitomi, and M. Sakamoto 
1. Phys. Soc. Japan, 1958, 18, Aug., 840-844 
Diffusivity of “Co into the equiatomic alloy 


was measured by the lathe method 
over a range including the ntred to 
body centred cubic transition temperature and 
expressions for these given 
Activation energies are calculated and 
pared with theoretical values. It is concluded 
that a vacancy mechanism is responsible 


both phases. 
Electrolytic Heating. XI. 


sectioning 
face ce 


structures are 


com 
in 


Diffusion of 


Hydrogen into the Cathode. H. Mii, T. Sato, 
and S. Minowa. (Rep. Gov. Ind. Res. Inst., 
1958, 7, Sept., 643-645). [In Japanese}. Tests 


with carbon steel at 850° C show that the H, 
diffusing into the cathode during electrolytic 
heating is less than that diffusing in from a 
salt bath, at high voltages; the 
not expected to produce hydrogen embrittle 
ment x. 8.3. 

The Influence of Gases on the Quality of 
Pig-Iron and Cast Iron. 957, 


amounts are 


(Giesserei ‘ 


Dec. 5, 745-746). A brief article " deacribing 
and comparing the effect of gases on the 
quality of pig iron and cast iron This is 
affected by the composition, which in turn 
depends on the additions made and the manu 
facturing conditions. Experiments are 
described to determine the amount of various 
vases absorbed by graphite under various 
conditions. This article has been translated 
from a Russian article by V. Zednik and 


M. Sicha.—Rr. J. w. 
Study on Graphitic Steel. III. Effect of Ti, 
V, and B on Graphitic Steel. ‘I. Sato and 8. 


Toya. (Nippon Kinzoku, 1956, 20, June, 
297-300). Results are reported for steels 
containing 1-3-1-5%C and = 1-5°.Si, to 
which are added 0-2 1-0°,Ti, 0-2-1 0°%.V 
or 0-003-0-1°,B. With increasing Ti and V, 
forgeability rises; the graphitizing effect of Ti 
is slightly negative and that of V_ strongly 


negative. With increase of B, the forgeability 
poor and the amount of graphite 

The limits for alloying additions 
are determined as 1°,Ti, 0-5°%V, and zero B. 

High-Strength Weldable Steels. 1. Balsay. 
(Kohaszati Lapok, 1958, 18, Feb.-March, 
72-80). In this first part of the paper the 
various types of high-strength weldable steels 
are discussed, and their chemical and mechani- 
cal characteristics given.—pPp. K. 


The Iron and Steel Testing Station at 


becomes 


decreases. 


Maizieres-les-Metz. (J. Four. Elect., 1958, 
May-June, 101-103; Echo Mines, 1958, May, 
288-292). An account of the opening on 
22 Apr. and a general description of the 


station are given. 


METALLOGRAPHY 
The Metallographic View. H. E. Boyer. 
(Steel P rocessing, 1957, 43, Apr., 205 206). 


XXXII. Metallography of Tool Steels. Water- 
and Oil-Hardening Types. Too! are 
defined and typical analyses and structures 
given after hardening and 


steels 


are tempering. 


XXXIV. Higher Alloy Types.. (May, 267-268). 
Compositions and structures are given of 
shock-resisting and hot work steels. The 


quenched-and-tempered states are illustrated, 


XXXV. An Introduction to High Speed Steel, 


MARCH, 


1959 
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June, 324-325, 351 A brief review of types 
and compositions with microstructures of M2 
steel after various treatrnentes XXXVI. The 
High Speed Steels -Properties after Tempering. 
July, 330-331, 403). Phe mechanisms of 
hardening and tempering are utlined and 
structures of M-2 steel air cotati t 200° F, 


2 250° F, 2300° F, and 2350° F are shown, 
illustrating overheating XXXVII. High 
Speed Steels for Special Purposes. Aug., 


Alloys with increased red 
hardness are reviewed. XXXVIII. New Lower 
Alloy High Speed Steels. (Sept., 504-505, 
Phe structure and properties of MVI steel are 
discussed and the 10OWn 
quenched and hardened and double 
all 1000. [Impact properties are 


437, 463, 464). 
530 


microstructures are st 
annealed, 


tempered, 


given. XXXIX. The Martensitic Stainless 
Types. Oct., 568-569). Compositions are 
tabulated and microstructures shown after 
various heat treatments. XL. Ferritic and 


646 
$02 


Austenitic Stainless Types. (Nov., 625, 
Type 430 steel annealed, cold-worked type 
and annealed type 321 are illustrated and their 
properties indicated. XLI. The Effect of Heat 
Treatment on the Structure of A2 Cold Work 





Die Steel. RK. F. Harvey. (Dee., 696-697 
AISI A2 steel has 1° » 5° 26°%Cr, 1-15 

Mo, 0-7°.Mn, and 0-25°,V. Quenched and 
tempered structures are shown and amount 


of retained austenite is tabulated. XLII. Grain 
Size of High Speed Steel-The Effect of Reduc- 


tion. (1958, 44, Jan., 33-34 Grain size 
reduction is related to heat treatment, bar 
size, and these, with compositions and struc 
tures for MIO and other types of Mo steel 


are discussed. XLITI. The Effect of Hardening 
Temperature on the Microstructure of H13 
Hot Work Die Steel. (Feb., 82-83). Hardened 


and tempered structures are shown of Cr-Mo 
V steel hardened from 1 850, 1 900, 1 450, 
2.000, and 2 200° F. XLIV. Importance of 


Multiple Tempering of High Speed Steels. 
Mar., 150-151). Effects on M6 steel are shown 

Metallographical Investigations of Archeo- 
— Remains. ?iaskowski (Hutnik, 
1958, 25, Jan.-Feb., 18-25). [In Polish]. The 


author puts forward a case for metallographic 


investigation of old metal objects The 
investigation should be carried out in close 
co-operation with the archeologist and should 


include macroscopic observation, X-ray photo- 


graphy, hardness, and micro-hardness tests 
and chemical analysis. 


The Practical Scope of the Use of Grids in 
Quantitative Metallographic Analysis. Z 


Ministr. (Hutn. Listy, 1958, 18, (7), 598-602 
The utilization of rectangular grids in the 
determination of weight and volume fractions 


of phases in alloys from metallographic sec 


tions is considered The most important 
formulae are derived, nomograms for use in 
practice are given, and sources of error are 
vena P. F. 


Metallographic Structure Analysis by Elec- 
tron Micrography. |. Hriviiak. (Hutn. Listy, 
1958, 18, (6), 526-531). [In Slovak}. Methods 
of preparing collodion, and 
carbon replicas of metallographic samples are 
discussed in the light of the author’s and other 
workers’ recent pub plications.—P. PF. 

The Determination of Transformation Dia- 
grams. J. Vana and D Tlusta. (Vyzkumne 
Prace z Oboru Zeleza a Oceli, 1958, 119-137 
Continuous-cooling transformation diagrams 
for 9 constructional were determined 
using dilatometry for low and interrupted end 
quench for high cooling rates. The methods 
and apparatus are described. 

An Instrument for Differential Thermal 
Analysis. A. Blazek and J. Halousek. (Hutn. 
Listy, 1958, 138, 505-509). The principles 
of DTA are explained, and details of the 
construction of a simple  self-registering 
designed by the authors are given 
analyser uses a photocell amplifier, the 
activated by lhght from a 
mirror of the suspension of a 
sensitive galvanometer series connected 
the Pt-Pt Kh thermocouple P. | 

Abnormal Structure in Alloys of Eutectoid 
and Eutectic Type. V. (Nippon Kinzoku, 1956, 
20, Aug., 457-460). The appearance of 
abnormal structures in hyperalloys is corre 
lated with critical ratios on the eutectic phase 


polysty rene, 


steels 


(6), 


analy 
The 
photoce ll 
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being 
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with 
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{ ra This is confirmed by observatio 
m Cu-Si allove 

Diamond Aieoaives i in Metallographic Polis 
ing. L. bk. Samuels BSC RAJ. reprint, 19! 
Dex pp. 4 Superior polish at no great 


cost can be obtained 
The Differentiation of Phases in Metall 
graphic Etching. I. Electrolytic Etching 


oe Potential. M. Prazak, V. Cihal, ar 

Holinka Che Listy, 1958, 52, (! 
eh 1 6S Forritic ind austemitic 18° ¢ 
9° Ni stabilized with Ti were examined 


sO] 


ns 


h- 


O- 
at 

dl 
’ 


r 


A Study on the Methods for Revealing the 


Austenite Grain Size in Steel. A. Adachi, K 
Mizukawa, and Hiraoka Osaka Unit 
Fac. Eng. Techn. Re} 1958, 8, Mar., 131-139 
Six published methods were examined \ new 


method depending upon lead diffusion in whi 
a suriace protected with tin was stripped al 
placed in molten lead for 1 h after which th 
lead was removed and the structure examines 
with dithizone as reagent for diffused Pt 

a ribed 


Investigation of Phase Composition of Iron 


Vanadium and Iron Chromium Alloys. M. | 
Zakharova, I. A. Ignatova, Semenova, 
and N. A. Khatanova Doklady A.N., 1958, 
119, (3), 498-500 Fe-V and Fe-Cr alloys 
were studied by means of X-ra powder 
photographs Fe-V allovs at 1300 and 
quenching) with V from 28-5 to 74 are made 
of two phases: a phase ibic, body-centric), 
and §-phase (cubic, face-centric), hard modi 
cation, with 4°12A for the alloy with 43°,\ 
Other results are obtained at 800° and 600° ( 
In the case of Fe-Cr alloys at 14007 only the 

phase is present but its quantity is reduced 
with the _— of the temperature of 
quenching.—-s. I 

Investigations of an Ordered Atomic State 


in Iron Nickel (Platinum 
Thermal Expansion. A 

irch. Eisenh., 
Experiments were carr 
properties 


and | 


\ussmann 
Jessen 1058, 
504 
for 


d out to accou 


variations in particularly th 


29, Ss pt., Hast 


nt 


Alloys with Low 


\ 


> 


coefficient of thermal expansion and displa 

ment of the magnetic transformation point) 
in heat-treated Fe-Ni alloys containing 30 
40° Ni on tempering at 500°C, by making 
comparative experiments on Fe Pt Invar 
allovs with 24-33°,Pt, and on ternary alloys 
between these regions \ critical examination 
of the results led to the conclusion that an 
ordered atom state Fe,Ni occurs in the phase 
of Fe-rich Fe-Ni alloys on heat treatment, 
and accounts for the variation in properties 


Distribution of Alloying Elements in Au 


s- 


tenitic Chromium-Tungsten Steels and Alloys 
with Varying Nickel Contents. N. I. Lashko 
and Kk. Ya. Rodina ’ Met., 1957, 5, (2), 
261-267 The results are given of phase 
unalyses of Cr austenitic steels and alloys 
containing varying concentrations of Ni (20 
60%), W, V, and Nb 


Thermodynamic Studies on the Formation of 
Molten Silicon Alloys Using Galvanic Cells. 


III. The System Iron-Silicon. K. Sano ar 


vd 
0, 


y 


K. Okajima Nippon Kinzoku, 1956, 2 
Sept., 512-514 Activity results for molte 
Fe-Si alloys show both positive and negative 
deviations from Raoult’s law \ discrepanc 
with results at Nasi 0-55 


Chipman s 
noted K.E. J 


The Uranium Iron Equilibrium Diagram for 


Low Iron Concentrations. J. Bellot, 
chon, R. Chazot, P. Dosiére, J.-M. Henry, at 


Blan 


id 


M. Colas (Compt. Rend., 1958, 246, May 2%, 
3 063-3 065) This investigation covers the 
range of allovs contaimimng less than 0-3 iron, 


parti ular attention being paid to the solubility 


curve of iron in uranium L. D.H 


CORROSION 


A Classification Scheme for Corrosion Topics. 


D. M. Brasher. (Corros. Prev., 1958, 5, Feb., 
39-42) A classification scheme, intended as 
a basis for the compilation of a complete 
corrosion bibliography and for recording and 


technical been d 


indexing enquiries, has 

veloped The author describes briefly the 
classification tables and index, and gives 
examples of their use and application L. EB. W 


The Corrosion of Pipes in the Earth and 


uri. (Calore, 


Their Protection. |. » 
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‘tis Insel Y relerer 


The Mechanism of Subterranean Corrosion 


of Iron. T. Marko Zastita Mat., 1958, 6, 
4), 147-151 In Sert roat The physica 
pri nder| ny the orrosion of iron 


au oil are considered. The amount 


the ni and the water air ratio are 


} vo t be most important parameters im 
ition to the corrosion rate 5 
Corrosion of Subterranean Water Ducts 

whieh are we eens. P. Kirkov 

rt Mat., 1958, , 05 60 In Serbo 
\ report is given of studies of the 
' or f water ducts in and round 

Skoy r corrosion rate is conditioned 

by potential gradients along the tubes resulting 

rom varying physical and chemical properties 

ntaming them. Cathodic prote« 

tior in be used successfully to minimize the 
rrosior Pr. F 


Studies on Corrosion at Power Generation 
Stations Using Acid River Water. XVI. Effect 


of Heat-Treatment on Corrosion Resistivity 
and on the Corrosion of Welded Parts. \ 
Sawada Nippon Kinzoku, 1956, 20, June, 
OR - 31) When 13°,Cr steels, after rapid 

ling from the phase, are tempered at 





500-6007 ©, the corrosion rate mMcreases, 
probabl because of pptn ehromium car 
bides With tempering above 700°C it is 
reduced, probably because of uniform distri 
buts of ¢ Welded parts are usually deeply 
rroded, but this can be prevented 7 
termperit thove 700° C after welding. Wit 
i I ed to the steel, freshly welded } irts 
ire not corroded, XVI. Field and Service Tests 
of High Chromiam Steels. S. Shimodaira and 
Y. Sawada ug., 432-435 Studies were 
ide on hydraulic turbines and other plant. 
Stes ontaiming 13°,Cr, 0-1°¢C, and 1 
M Cu or Ti remained pass to acid river 
water for 2 years penis 13° Cr—-0-1° C steel 


rr d unless adequately heat-treated 

— we ‘Due to Water Containing oe in 
Hydraulic winats. W. A. Stauffer Si 
irch. WW / n., 1958, 24, July 


hs 230) 


S 1 ple of wear in turbine parts 
due t nd erosion are giv n, with a descrip 
tion { thei haracteristi features An 
1 ' then v of tw large series of 
t n test with fully tabulated results: the 
sts re on rolled and forged steel, and on 

| with a wide variety of compositions 


Gunention Stability of Metals _ Hydraulic- 


Turbine Parts. Vi. (:. Timerbulato Vetallov 
Ohrabotka Met., 1957, (10), 12-18 The sults 
orrosion tests on the following materials, 
i for hydraulic turbine construction, are 
rresented and discussed LR DCIST eter! 
0-17—0-22 CC, O- 600-87 Si, 1-OS—]-22 
Vn, 0-023-0-089° 8, 0-015-0-020 P, 1-28 
1-62 Cu ulter various heat treatments: the 
ul vith addition of 0-97 or 1-60°.Ni or 
0-092 or 0-13°,.P; samples taken from various 
points of a large turbine blade casting of 
0GSL steel (0-199,C, 0-729 Si, 1-10°% Mn, 
O-O0188 8 0-025%P, 0-189 Cr, 0-13° Ni, 
0-0O8° Cu), stainless 20KhI3NL steel labora 
and fustr castings (0-18-0-23° °C, 
0-30-0-46 Si, 0-34-0-53 Mn. O-O18 
-024°°S8, 0-015-0- 020°, P, 12-33-12-60°,Cr, 
0: 64-1-20° Ni, 0-0-1576 : igh-strength 
pheroidal-graphite iron and welded joints 
t The rrosion of the latter in flowing 
water was 40-50 greater than that of the 
20GSL and ISDGSL steels: heat treatment 
nelitrons for the latter are recommended 
Phe phosphorus and nickel additions had littl 
te the corrosion rate 


Pitting of Shipbuilding Steel in Crude-Oil 


Tankers. (:. Becker Stahl Eisen, 1958, 78, 
Sept. 18 1343-1345 \ review of two papers 
tin Schiff u. Hafen in 1956 and 1957 

hanism Of corrosion pitting in oil 


{ n takes place by an electr« 

cher t tion in almost neutral electro 
tes I nductivit The current 
required r the dissolution of the iron is 
generated | al cells inve ing oxygen 
i arizat Cleaning the tanks by hot 
sea Water contributes much to corrosive attack. 
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It was ind that corrosion-resistance } 
definite minimum at a certain level 
alloying elements of the steel. It is concluded 


mbined eftect of cavita 


that the 


aused by the hot sea 


pitting 18 a < 
tion « water ets and 
orrosion 

Corrosion ‘Study. XV. Mechanism of the 
Formation of Corrosion Products on Steel and 
Zine in a Moist Atmosphere with a Low Con- 
tent of HCl Vapour. K. Barton, Kh. Berane 


and S sartonova Coll. Czechoslovak Cher 
Comm., 1958, 28, Julv, 1169-1173 Vhe 
kinetics of the atmospheric corrosion of st 
ind zine and the composition of the corrosi 
products ormed in moist at: spheres tl 


low HCl vapour contents were investigated 
It was found that corrosion began only after 
the destruction of the primary oxide laver 


XVI. The Influence of the Penetration of 
Water Vapour through Oil Films on the Cor- 
rosion of “a7 ane by Oil Layers. Kk 


Bartoniéek L1s0 Experiments are 
descrit A he hehe rate of penetrati 
of water vapour patie protective minera 
oil coatings, and to investigate the effect 
the addition of inhibitors L.D.H 
Corrosion Studies, VIII. Temperature 
Dependence of the Potential of Certain Metals. 
K. Smréek, I. Sekerka, and V. Seifert Coll 
Czechoslovak Chem. Comm., 1956, bp 6), 1569 
1574) Phe effect of the corrosi | lucts o1 
potential is also de Line d. The el for 


iron is included Ix. " Corvesion of en and 
Duralumin as Related to the pH of the Solution. 
K. Smréek 1583 

Adsorption of Sulphur on Iron from Acid 
Solutions of Hydrogen Sulphide. Z. A. luta 


1575 





(Doklady 1958, 19, (5), 971-974 
Tracer isotope ™S was used in these exper 
ments on tron plates im i sohut 
H,SO, NaS The values of adsor; ! 
for various concentrations and times are ! 
The addition of an inhibitor, tetrabut 
ammonium ton, did not influen 1dsorptior 
Numerous details are given sail discussed 

_ Barrier Materials and Dehydrating Agents. 

M. de Balasy Rev. Gén. Méc., 1958, 42, 
Apr., 207-209). A description of the technique 
of packaging machine tools and other parts 
combined with the use of dehydrating agents 
for protection against corrosion during tran 
port and storage 


The Control of Corrosion in Industry. | 
Strebelle and M. Stassin V étaux Cor , 

Indust., 33, Mar., 115-124 A reviey 
of work on corrosion carried out in Belg I 

CEBELCOR, is presented. The case history 
of a number of plant failures due to cort 

are discussed B.G.B 


Protection against Corrosion of Steel Mem- 


1958, 


bers Used in Building. P. Blancheteau 
('orros, et nticorros., 1958, 8, June, 191-202 
After giving an account of the use of ste+ 

building, the author describes the anticor 


rosive measures used to protect the steel, 
metallic coatings, and vitre 


paint, varnish, 


enamels 


Protective Potentials of Metals. Ss. 
Gerasimov. (Isvest. Akad. Nauk, Otdel. Khim... 
1957, (3), 263-269 A new method is described 
yf ‘ulating the protective potentia ) 
metals: the method was tested on Cu, Zn, Cad, 
Mg, Pb, Fe, and east iron in a 1-5 tution 
of NaCl 


Investigations on the Cathodic Protection of 
Ships’ Hulls. KR. Jue ( rks 


hniewicz 


<orrosion, 1958, 9, June, 360-368 rhe ‘ 
results are given of a survey carried it | 
the Anstalt fiir Meerwasserkorrosion of the 


Hocl 
i of potential measurements of 
ind of a 


Technische wchule, Gdansk Details are 


reporte corroded 


ship's hulls floating ship's h 





tected by a special paint. Corrosion t 
carried out on a model hull and tanl 
illast tanks 36 refs L. D.H 
Resistance to Corrosion of Stainless Steels. 
Intergranular Corrosion. {eciaio Inossid 
1958, 25, Jan.-April, 5-16; May-June, 61—72 


In Italiar 
tivity of 
that intergranular 
a function of the ce« 
with the 


discusses the * sens 


The paper 


1ustenitic stainless steels and shows 


corrosion 18 not 80 much 

in contact 
stainless steel as « structure of 
the Methods of determining inter- 
granular sensitivity are described and results 


rrosive agent 
of the 


steel itself 


mm mM HF ar 


l 

Corrosion Protection of Galvanized Sheet 
L.. Kr ir, O. Jag ‘ ij Podbrezr 
Za 1958, 6 , 129-133 | 
Ser \ nerea r ne? 
tar SA } } j 

t tt t 
as j i 
Act { t 


vA four t ‘ mst eff t ‘ 
The Protective Action of Chromium Against 





the Corrosion of Fe Cr Alloys by Sulphur 
Vapours. A. K. Sem iP. V. Gel’t 
Fiz. Met., 1957, 5, (2), 378-379). I ri 

ire ce ribed ir | I Cra 

sulphur vay r,u rad to vert the h 
thesis that a protect ner layer the s} 


FeCr Ss 


Special Steels Resistant to Stress Somecien 
Vi 


by Hydrogen a P.B 
ind ¢ toques Ve 1958 35 Apr 
301-317). The principles of t eit re 
rf teels } t i 

1 th pr rt Cr-Mo-\ t} 
| I I t } } t 
! 1 le | 

} t nt j . | 
t t i roy 
of the steel i of id wor nd positio! 

Anti- Corrosion Treatment of Galvanized 
Parts. N. A. 8 . 4. A. Gor 

Vetall @/ / 1 1057 » 4 R 
I rel tr t nt I 

tu CrO H.SO ind H¢é 
rt pre i j \ 
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ANALYSIS 


Studies on the Rapid Analysis of Iron and 
Steel Using a Photoelectric Photometer. VI. 
Rapid Photometric Determination of Small 


Amounts of Arsenic in Iron, Steel, and Iron 
Ore. ©. Karn Nix nk e, 145 
20, A 146-448 \ hod is d ibed 
wherel OO O-0 \ ter 
mined in 25-35 mu vit 7, 

O-o0o] j 

Polarographic Determination of Iron, Using 
Suc rose asa Somple xing Agent. (). Ma 

f j / j fs y if 

ior "1966, $8. Mar., 394-401 In Ger i 
Tron n | | ' 

| liy I yj ] ter 

\I { i ' i i 


alt EDTA w ised 
Mutual Determ ination of Iron and igo 
Y. Oka ar i 
Téhoku Univ. 1958. 10A. iW 299 
Colorimetr met j riror ' tre 
browr 


Complexometric Titration (Chelatometry). 
I. 1:2-Diaminocyclohexane-.\ .\ .\’\’-tetra- 
acetic Acid as a Volumetric Reagent. Stepwise 
Determination of Iron and Manganese (Mag- 
nesium, Calcium); Determination of Copper in 
Presence of Iron, Nickel Cobalt, and Mang zanese. 
R. PFibil Coll. Cz Chen my 
1955, 20, (1), 162 169 I XVI. 
Determination of Bismuth, Nickel, and Cobalt 
with Pyrogallol Red Suk, M. Malat, a 

\. Jeni¢kova 1956, 21, (2), 418-422 XVIL. 
A Contribution to the Determination of Copper. 





me Aluminium, and Titanium. Z. Sir | 
bil 1956, 21 +), S66-S72 in Ge ' 
te es of Eriochrome B I Py 
chol Violet are d 1 XVIII. The 
Determination of Nickel and Copper in Cobalt 
and its Salts. R. Pribil 
1146-1149 Comple ' ‘ana CS 


The Direct Determination of Combined Car- 
bon in Gray Pig Iron and Cast Iron. H. Kr 
und K.-H. Tytl Giesserei, 1958, 45, Oct. 9, 


639-642 Combined art r j deter 
durecti by burning tl } Ir ri S At 

m heating with H.SQ, in a strear 0 

‘ low P I i r tl 
resulting CO v r Th r is 
ess than t obt i dif é ng 





routine metnods 
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The High-Sensitivity Determination of A 5] il ste tubing is d issed wl ind ¢ Rn. | , i Columbium 
Sulphur and the Simultaneous Determination lital for corrosive gases at high temper and Tantalum. Kk. bb. H ; x5 
of Carbon and Sulphur with a Recording Con- tu d pressures, particularly H,S.—Rk. } Ferroalloys. | H i t I 
ductivity Apparatus. WwW Koch, S. Eckhard, esoesemeebal the Quality of Steels ‘Czecho- Heidri 451-462). } 
and H. Malissa "A Kisenk., 1958, 29. slovak Standard CSN 12040 for Cold-Headed © silico: 

Sept., 543-546 \n apparatus is deseribed Screws ang Bolts. D. Thu Vyzkumne Pra tit 
or the iW taneous and accurate determina Ohoru Zel 1a Oceli } ISS Th ! . fer t na 
is i i st amples | effect 0, blowing tudied tungst et Manganese. ‘ I 
bustior io j t « {t pr j ve | r?’.& y ntent DeHuf mid ‘T I tt t ” Molyb- 
conduct n ibsorbants id b t i-headabilit Surface t denum. W Melt i M Fi 
The method can be adapted for maecr I vas related to rolling method and to effect 823-832 Nickel. H \\ ’ S41 
ro determinat 5 l-heading 857 Titanium. ys. A.M L171 11e 

The Determination ‘ot Trace Amounts of “Quality Steel Soe Razor = Manulacture. Tungsten. kK. W. H nd M. J.B 
Cobalt in Iron and Steel and Some Associated D. Thusta_and J. Votruba / Pra 1195-1211 fae nc H. W. D 
Materials. The BISRA Met! ie of Anal ay: Zeleza a Oceli. mL, 63-82 7, Pow4 , 1243.12 ' 

Committe JIST, 1959, 191, Mar., 236-240 parson with Swedish steel is made The t t 
This issue importance of uniform carbon content in the snd utiliz 

The Spectrographic Analysis of Metallic tri hown also of correct annealing, and a The Effect of Transport on the Location of 
agg op for Silicon, Aluminium, and Iron. temperature above the A,-point 1 ecol Iron and Steel Works | t } 

a. M. Kalinskii Za s. Lab., 1958, 24, (6), mended Ind Ii» 1958, 40. : 6 oi4 | 
735 The details of the spectrograph and Studies on the Materials for Gas Turbine 
microphotometer used, — the nditior Rotors. I Hasegawa ind O. Ochiai und ter | 
excitation d the line pairs employed in the Vet., 1958, 10. \} , 68-80). Stad f effect nlan ar 
spectrog ne ana ( for Si, Al, and f heat-treatme n creep and other proper 
Be . tie Timken 1625-6 are } te yt MISCELLANEOI 

Specteegraghie Analysis of Blast Furnace tures are illustrated. Test results are tabulated : 
rey R. I. Petukhoy Zavods. I , 1958, n I | Electrolytic Extraction of Cobalt from 

163 In the boratories the Biel Poem for Alarm Clocks. O. Modi = Cobalt-containing Residues from Zine Electro- 
Sal in Metallurgical Combine, spectrographi K. Stan Vuckumne Oboru Ze metallurgy Ml Gr / 
analysis of blast furnace sl for ( xides 1 Oceli. 1958, 139-147 f ’ 1958, M June, ! j ! 
ind Si was studied in 1947. The method has 1957, 49, Oct., 713-720 I ried 

r d. The lines Ca 5270,2 A HISTORICAL out at the Sta. Mont Fort 
Cu 52 id Si 6346 A-Zn 6262 A are Margher | ribed 
now u The full re is explained The Manufacture of Steel Blades in Ancient Getting the Most from a Drying System 

Use of Radioactive leotenes in Mining and Times. C. Panseri. (Assoc. ital. Metan J. E. Greever let. Prog., 1958, 74, J 
in the » ron and Steel Industry. L. G. berw » 1957, pp. 80). [In Ttaliar rhe} : S385 | i { 

Je Jnn., 1958, 142, (7), 369-397, b collection Of papers Gescribis me Inet ible ¢ Jesse 
lis 17-400 lies o1 al sort properties and tect D we 

1 tot rt . ‘ we tur ! war rds «dati I ! tt , . 3 
} t ‘ ! terials transport ecentul t t th Midd Awe Muct f Ps —_ 

. ait ainda ee ‘ ote Seeeta ae historic interest is brought to light. Numerous Fault-Finding in Electronic Equipment 
ores : i is me hee r u y I ind pr a . “ yer ; 195s \u 
ast 1 t + j j , 7 t ra n ; in 1ied whict t 7 tate ; 

J na i -_ lrawing ! i i t nt ted ' . 

reported after an accour f principles and the I ' “cep 

ipparatus used The use « n-radivactive go Fade) Research on a Poe Century ' : 

isotopes ferred 84 refs Sword. (. Panseri It lur = : Co : . 

The Rapid Investigation of Ores and Similar Milan, July, 1954, pp. 35 he monograph echt ae lal 1 operat ted 
a. \. Neuber; | Fmann. and i ribes detailed metallurgical studi irried ae . 

K. Herkenhoff *Arch. I nh., 1958, 29, uit on a Xlith century war sword found u i ar 
Sent. 847 "652 Rapid methods are described 1948 at Legnago in the Adige Valley rh : : 6-4 
for tk snalve 3 | pane rticle i { nsiderat histerical inter .u : 

hy rst fusing with borax, and then determin and show how modern met 1 tech wade 

ing from a single weighing Fe, Mn, SiO,, P, Ca pg in be brought to the service of histor Resistivity and Density of Polycrystalline 
Mg, Al and Ti oxide nd Cu, ¢ ad Ph. Nume is illustrations I. D I Yttrium Iron Garnet. LG. \ Uitert i 
using photometri: i flame-photometri Early Days *, Hydraulic Pumps in Italy. B , Ww. 5 my /. A Phy 1957 
method Bo 1958, May, 161-168 28, Dex 1513-1514 

Analysis of Silica in Silicates. |. A. Voin Me ftal., r 158, 50. June, 167-174 In On Breaks for Meals for Workers in an Iron 

viteh. (Chim. Anal., 1958, 40, Sept., 332-339 Italian}. The adop of hydraulic pumps ir and Steel Weeks. M.N / 
A comparison of ray ety olumetri« place of tar ‘ € er below whict were Hy . lr nd S 1 Jy 195 6. 
spectrophotocolorimetric, and emission spr stiv to | intain, contributed to hen , 26-30, 31-37 In Ja \ stud 
trographic method nd re . nd tech Ip ri lays olf th Y 19052 worker “A " j it 
tions are made. (23 refs and st ! cheapness and si lay and sl 

Recent Progress in the Complexometric !'*'ty of these pumps resulted in their cor Multiphase Sc reening Examination of Indus- 
Determination of Calcium and Magnesium in “UC Use for three centuries up to the trial Workers y 
Slags. V. Kuhn. (Chim. Anal., 1958, 40, ™id-19th centaur ee ‘Nussectand even aut Iron and S ly 1957. 6 
Wii °40-347 used almost universally in rope and even d P nail : ‘ 

ebuciaiie ind its way into the U.S.A. The author Aig, 43-49 Medi ~ en 

. , hows how these pumps affected developments aged 40 and over ar ; 
INDt a R [AL USES AND in smelting techr 1D i Labour Hygiene Investigation for Blast 
eet at phe ecicthc ‘Jung- Stillung and Iron. W. Giithling. (Stahl Furnace Workers. a ne > a 

On Austenitic Stainless Steel Tubes for High Hisen, 1958, 78, Oct. 2, 1395-1399 A bio Hygiene / nd St Indu , 1957, 6, 
Temperature and High Pressure Boilers. ‘| raphy is presented of Johann Heinrich Jung, Aug., 14-18 In Japa | vate 
Ikeshima, J. Omori, T. Okamoto, FE. Miyoshi, Hed Jung-Stilling, born in 1740 in the Sieg tabolist ind = blood t 12 
S. Terai, and H. Maruoka Sumit. Met., 1958, trict of German His reporta on Western wrker ' » 1O00-t t na Ver 
10, Jan., 9-30). Tubes of types 321 and 347 in iron smeltin nd manufacturing tudied 
stainless steels for superheaters in boilers are practice give a true picture of the indust: On the Serum Protein Pattern of Open- -Hearth 
examined. Physical and creep-rupture proper of his time Steel Melters S wy ur Hugien 

: er TM. ore ce F rp en ~~ a hhe- ‘Practical Realization of the Acid Bessemer Iron and Steel Industry, 1957, 6, Aug.» 
1000 } "at 600 650° nd 00 c "} 4 Process in Sweden. | Ohm —_ fers ender ' een : “ P 
a 6 wes vow» & aN inn., 1958, 142, (6), 269-270 \n historica t ial exy 
miniunum of 51 mem? is acceptable Sigrna e 


- te on early i eel ccivicesmaiies 
phase is found after 1 000 h heat-treatment : 
Oxidation is neglizible below 700°C. Inert Fifty Years of Electric Steel Production in 








gas are welding is ble to ar aw yaa Czechoslovakia. kK. Stele Hutn. Listy, 1958. V sates 
zg t ve g ible ire welding; enw ] 
J , f al 1958, 13, (5), 389-397 Ch deve hsonaied of , RS. 6 1. lir 4 
eare is needed, tvpes of electrode ’ ’ 
ati eicneea aN ionathies oer tose electri steel production in Czechoslovak for J}. Bardin” read I. Bard 
is possibic } . since the installation of the first Kjellin type p. 292, ¢ 1, lr ts 
" induction furnace in the Poldi Steelworks 1 for “Ohakr rt ad **( , 
Development of a Special Steel for the Kladno in 1908 is discussed in detail. -p. 1 p. 300, ¢ >, lime 
Electrical Engineering Industry. P. Jehli¢ka The “I lis aati 
and . oKa Vyzkumne Prace Oboru . 7 r« . 1 
Zeleza a Oceli, 1958. 189-196 ign gece ECONOMICS AND STATISTICS P my he I, a 7 a 
vacuum use is described Chromium. W McInnes and H \ p. 419, ¢ I ( 
A New Pipe Line at Lacq, Made by Lorraine- —Heidrich S. Bur. Mines Min. Yearbook, For “Savvine” read “Savrina 


Escaut. (Z'echnique Moderne, 1958, June, 274 1955, 1, i 332). Cobalt, H. W. Davis | 
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SEDLACZEK, HERBERY Walzwerke,’’ Mita follown Ip particular topies The text bor The range f bjects is in fact 
beit von Priv Doz. Dr.-Ing., | Fischer is illustrated t ver 150 sketches, drawing vide that n th vh the thor takes 
ind Dipl.-Ing. M. Buch, Sammlung Gods and photographs, most of which are read great care, a student new to tl f il w 
cken Band 580/580a 6 4 in., py P24 mprehended despite their small size have great ilt n following sor f the 

3 Illustrated Berlin, 1958: W J. G. WistReicu arguments, and ippreciating theu ea 
de Gruyter & Co Price DM $80 Sinnott, M. J The Solid State for Er Sigel \ ver 
This is juite a remarkable little book eera, 9 6 in., pp. x! 522 Illustrated topics would prot 
Printed in a pocket size format and a mere New York, London, 1958: John Wilev & However, the his 
200 pages lony, it nevertheless covers almost Sons, Inc., Chapme & Hall Ltd Price £5 book lies in its 
all topics relating to rolling in an elementary Nowadays there is a wides fe ng theoretical treatm« ter 
and most readable manner, imecluding that engineers should be iainted not is not brought to b 
fundamentals of rolling mill design and onl with the macroscopic es and sufficient referen unt 
layout, principles f pass design, main types behaviour of materials, but ith the experimental infor ns 
of mill for the rolling of sections, tubes, and inderlying miucre and aton ex The ph 8 is not to 
strip, and ven for the manufacture of planations provided | solid-state physi« engineering problems, nt 
rings and furnaces Naturally, to achieve Phis, it is hoped, will enable engineers to ind purpose to the former, and clar athe 
this, the author had to treat many matters greater insight in selecting materials latter 2 2 ar | wt ! 
rather superficially; even so, he has, on the for specif purpose ind to make the best i rs opu ! icceed vhere tl 
whole, managed to ncelude all salient ise f their potentia understanding valiantly fails is The Science of 
points of practical interest The only their inherent tation rh S 1 eering Materials hd. J. E. Goldmar 
criticisms relate to the first two chapters o1 State for kngu ts out to ful th same publishers—-reviewed J./.S./., 
fundamentals, the treatment of which j need Modern ideas on mechanical, therm 1958, , 104 The vr this 
too cursory to be of any use to the reader, al, electr magnetic, and optical proper type of book ts a difficult task for or mat 
and to the bibliography which has obviously ties are all discussed, following introductory It is perhay significant that the more 
not been well checked and contains man enapters on atomic structures, erystal struc successful book was con piled fror irticles 
reference topics other than rolling, and tures, ther: ivnamics, rate processes, and by scientists each act and expert his 
being arranged alphabeticall by authe the different type r lid arising fr own field, but with a clear! lefined ov ll 
is hardly designed to help the reader in different types itor nd r lecular objecti ! ew \ AN GREE 
y ’ ry Y ry ¥ 
NEW PUBLICATIONS 
AMERICAN Society ror Testing MATERIALS Illustrated London, 1958 H.M.S.O0 lizierung fiir Stahlhbleche und -hander 
iS7M Manual on Quality Control of } lurch Reduktion Sil amtetrachl i in 
Vaterials STP Ne 15-4 9 6 in., INT! ) Lichthogen und Versuche iiber die Redul 
pp. xu 134. Illustrated. Philadelphia, 1 tion n Titantetrachlorid Forschungs 
1958: The Society Price, Members berichte s Wirtschafts-und Verkehrs 
$2.00, Non-Members, $2.50 ministeriums Nordrhein-Westfalen. Nr 

Bauer, E Elektronenbeuqung, Theorie, 297 fto, pp. 22. Illustrated. Koln und 
Praxis und industrielle Anwendungen Opladen, If Westdeutscher Verlag 
8} 5} in., pp 233 llustrated Min JONI Price DM. 8.20 

hen, 1958: Verlag Moderne Industri SCHEER, LEOPOLD Was ist Stah Eine 
rice DM. 32.00 Steel WW j 6 fin., pp. 72. Sheffield, Stahlkunde fi lermann ll erw 

BENNETT, H. F Noble Metal Therm 1958: The United Steel Companies Ltd Aufl SVO., pp. vill 127. Illustrated 
couples 2nd edition 94 6} in., pp Kocu, Ware D HEINZ SUNDERMANN Berlin, 1958: Springer-Verlag Price 
41 Illustrated. London, 1958: Johnson, Elekt her } Grundlagen de Is DM. 7.50 
Matthey & Co. Ltd lierung von Gefiigebestandteilen in Metal SCHORSCH, HERBERT Giitehestimmung an 

AMERICAN Society vor TesTinGc MATERIALS lise] Werl ffen Forschunysbericht« t 


hnischen Oherfldchen Normey Priifver 
1957 References ; Fat {s 


STP des Wirtschafts- und Verkehrsiminist 

































Jue teri fahren und Priifaerdte, I7 und 
No. 9-1. 11 8$in., pp. 64. Philadelphia, ims Nord-hein-Westfaler Nr 599 {uswertehinweise Optik ind Fein 
14958: The Society Price t{to, pp. 50 Illustrated Koln und mechanik in Einzeldarstellungen Bd. 1 
AMERICAN Society FoR TESTING MATERIALS Opladen, 1958 Westdeutscher-Verlag SVO, pp. XI 186 Illustrated Stutt 
Specifications and Tests f Electro Price DM. 17.60 yart, 1058 Wissenschaftlichts Verlags 
deposited Metall Coating 1) 6 in., LANGE, Kur’ Clesenkschmie Stahl veselischatt Price DM. 28.50 
pp. vu 116. Illustrated Philadelphia, SVO, pp. XI Illustrated Berlin, SCHUMANN, EpGaArRp (Editor Das Buch 
1958 The Societ Price, Member 1958: Springe lag Price DM. 54.00 m Rost. Fe,O,, H,O. Entstehen, Ver 
$1.80, Non-Members $2.25 Lindsay's 1 , il Register f Wire, hiiten, Behdampfen Markt & Technik 
AMERICAN Society ror Testinc MATERIALS Rod and Stri 1957-1958 ed. 94 6in., Band 1 Svo, pp. 304 Illustrated 
O57 8 ent to thé 2 ey | pp. 248 Illustrated Wolverhampton, Wiesbaden, 1958 Industrie-Verlag 
1957 ipplem a Ah Bibl jraphy - 
and lhstracts on Electrical ¢ act 1958: Lindsay's Wire Publications. (Price Price DM. 18.50 
STP. No. 56-L. 9 6 in., pp. 49 la 25s Scientif and {cadem Life dr W ester 
delphia, 1958 The Society ce, MAYER, Kar ERNST Weg 4 1 Germany 1 Hand } 5 © in 
Members $1.40, Non-members $1.75 matischen Ut hung de Thon pp. 183 Hlustrated Essen, 1957 
erfal s ito, pr 47 Illustrated, Stifterverband fur die Deutset Wissen 
AMERICAN Sociery ror TestTinc MATERIALS . , 7 “die ; ; 
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KIRKSTALL 


153 B.H.P. Diesel Mechanical Locomotive. 
Fitted with Gardner 6 L.3 Diesel 

Engine, Scoop Control Fluid 
Coupling, SSS Powerflow 
3 speed Gearbox. 







British Locomotive 
Engineering at its 
Best 














SCOTTISH OILS LTD 


100 B.H.P. Diesel Mechanical Locomotive 

for Petroleum installations, fully 
flameproofed in accordance with Ministry 

of Fuel & Power regulations Group I! Gases. 


Fitted with National M4 AS Diesel Engine, 
Scoop Control Fluid Coupling, SSS 
Powerflow 3 speed Gearbox. 



















OOOO KK KARAS 





PORT OF BRISTOL 


204 B.H.P. Diesel Mechanical 
Locomotive. Fitted with 8.L.3 
Gardner Diesel Engine, Scoop- 
control Fluid Coupling, SSS 
Powerflow 3 speed Gearbox. 











HUDSWELL, CLARKE & GO. LTD. orm soa 


PIONEERS FOR NEARLY 100 YEARS MECHANICAL, DIESEL 


RAILWAY FOUNDRY, LEEDS 10. Telephone: 34771 (6 lines) Cables: Loco Leeds SLECTRIC AND BATTERY 


LONDON OFFICE: /20//22 Victoria Street, S.W.1. Telephone: ViCtoria 6786 a 
Telegrams: Hudclar, Sowest, London. Cables: Hudclar, London ALL PURPOSES. 
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Refractories Surface Defects 


for the 
Iron and Steel Industry in Ingots and 


Their Products 


DURING an investigation into the causes 
of ingot surface defects and their influence 
on the product, the Ingot Surface Defects 
Sub-committee of the British Iron and 
Stecl Research Association became aware 
that there was a lack of uniformity in the 
names applied to the defects under 
review. To reduce the confusion of 
terms and promote a better understanding 
of the nature and causes of such defects, 
the Sub-committee selected those most 
commonly encountered and assigned to 
them the most apt term. 


seed 
ree 


The first edition of this survey appeared 
in 1951 as No. 44 in The Iron and Steel 
Institute's Special Report Series, and was 
quickly sold out. In view of the many 
requests for copies of what is now a 


\ a\aie 
wpe \ gery 


\— 


standard work of reference, it was 
decided to issue a second edition, with 
some important additional material. 
Through the courtesy of Richard Thomas 
and Baldwins Ltd., The Steel Company 
of Wales Ltd., and John Summers and 
Sons Ltd., the Sub-committee has been 
able to include an addendum devoted to 
surface defects in stecl strip products. 
The second edition is now available as 
Special Report No. 63; it consists of 
62 quarto pages, illustrated with 134 
excellent photographs of surface defects, 
and bound in cloth with stiff board 
covers. The Report costs £1 5s. Od. 
(15s. Od. to Members), and may be 
obtained on application to 





Pearson consistent quality refractories 
are available in standard brick sizes ina 
~~ wide range of materials. Special shapes of 
. all types also made to order. The Secretary 
Send for full technical information and 

prices 








The Iron and Steel Institute 


FIRECLAY, HIGH ALUMINA, SILLIMANITE AND SILICON CARBIDE 
BRICKS AND SPECIAL SHAPES. INSULATING BRICKS AND CON- 


CRETE. PLASTIC JOINTING AND PROTECTIVE CEMENTS, 4 Grosvenor Gardens 


REFRACTORY CONCRETE AND RAMMING COMPOUNDS. 


E. J. & J. PEARSON LIMITED London SW1 


FIREBRICK WORKS, STOURBRIDGE 


Telephone: Brierley Hill 77201 
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IMPORTANT 
DEMINERALISATION 
PLANTS 











William Boby & Co. Ltd. have been entrusted 
with the execution of the demineralisation water 


treatment plants at : 


CHEMSTRAND LTD., N. Ireland 


(Main Contractors : Messrs. Constructors John Brown 


For their new ‘ACRILAN’ factory at Coleraine, N. Ireland, Messrs. Chemstrand have 
installed a 10,000 galls. hr. ‘Boby’ demineralisation plant for process and boiler feed water 


The plant comprises the following sections 


Coagulation and Settlement — Filtration — Cation Exchange — Weakly basic Anion 
Exchange — Degassing — Mixed Bed lon Exchange. 


VEITSILUOTO 0/Y, 
Finland WATER 


The Veitsiluoto paper mills of Finland have installed 
a 13,400 galls hr. ‘Boby’ demineralisation water treatment 
plant for feed water for boiler working at 1,750 p.s.i 

The plant comprises the following sections 


Coagulation and Settlement — Filtration — Cation Exchange TR FE a M F N 4 
—Weakly basic Anion Exchange — Strongly basic Anion 


Exchange. 





Established in 1875 





WILLIAM BOBY & GO. LTD. 


RICKMANSWORTH, HERTFORDSHIRE, ENGLAND. Telephone: Rickmansworth 4251* 
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£ tt, : As f , mi - ls r \ ' ° 
4 4 ia ww SY f 
ys UNnSI@C Locomorives 
¥ 4 
Nw i H Ct , ' 
Le for heavy industrial use 
t ¥i q } ; Our standard range of heavy 
(4 i ~ wv F 3 ~2 Ww — = 366 or 562 H.P. 44 ton diesel duty diesel locomotives 


hydraulic locomotive. includes a wide variety of sizes 









and types incorporating 
Hunslet patent hydraulic trans- 
mission. The 44 ton 2-speed 
hydraulic locomotive is just 
one example of what we can 
offer in the medium high power 
range. It is AQUALITY 
LOCOMOTIVE=the class of 
locomotive which is designed 
and built to give a lifetime 


of trouble-free service. 





(Soe Kr 
(ee) 
xp V 
2 —~ 2 ‘y 
—— ~ “Omg 
7 — 
-_— a =. . THE HUNSLET ENGINE CO. LTD. LEEDS 10 
‘ LONDON OFFICE: LOCOMOTIVE HOUSE, 30 34 BUCKINGHAM GATE, WESTMINSTER, S.W.| 
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CONSTABLES 
FLUORITE 


Fluorspar of high calcium 
fluoride and low silica content 
for all metallurgical purposes 


Export enquiries welcomed. 






Guaranteed quality. 





CONSTABLES (MATLOCK — LTD 


Members of British Fluor par Producers 


THE BRIDGE MATLOCK DERBYSHIRE TELEPHONE MATL( 
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The most 
















- . rrr™rt—~—CSC—“C“‘CCOC# 


of 
you have 
a 


SAND 
_ CASTING 
PROBLEM 


-‘Fulbond’ 
may well 


be the 


answer ! 









TE TERETE EOE oS 
ES rrrr—CO 











Le 






















ce ee 
lc 


We invite you at any time to call on the service 
of our experimental foundry and sand-testing 
laboratory. Our foundry technicians will 
be pleased to co-operate in helping you find 
the solution to sand casting problems. 
Or if you prefer, they can come to your foundry 
to discuss a particular difficulty on the spot 








These Fulbond services are offered without 
charge. All details are, of course, 


treated in strict confidence. 


Just telephone or write to 


THE FULLERS’ EARTH UNION LTD. 


Patteson Court, Nutfield Road, Redhill, Surrey 
Telephone: Redhill! 3521 CMF 50 
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The most efficient coupling) ottuinalte 


BBY 


Resthiot 
COUPLIAGS 





For nearly forty years Bibby Resilient Couplings have The outstanding resilience of Bibby Couplingsdampens 


. , shocks and vibrations, ensures smooth running of 
enjoyed an unexcelled reputation for efficiency and aoe he 
plant, eliminates breakdowns. Standard Couplings 


reliability and numerous Couplings supplied over up to 7}” bore can be supplied from stock. 


thirty years ago are still giving trouble-free service. We invite you to write for our illustrated brochure. 


THE WELLMAN BIBBY COMPANY LIMITED 
PARNELL HOUSE, WILTON ROAD, LONDON, S.W.1 


ACID RECOVERY OR DISPOSAL 


THE COMPLETE SOLUTION 





SULPHURIC ACID 0n high speed strip lines the new Kestner Recovery Plant 


offers maximum economy—freedom from fumes and low main- 
tenance——low capital cost. 


HYDROCHLORIC ACID 0n batch or continuous processes——a new process 


developed and used on the Continent—no_ by-product—good 
economy—no fumes. 


SULPHURIC ACID On batch processes with limited output the well proven 


Kestner-Fakler process still offers the least expensive answer 


MIXED ACIDS Where acid recovery cannot be applied Kestner offer a complete 
range of neutralising plant employing various standard units. 


May we give you further information 


KESTNER EVAPORATOR & ENGINEERING CO. LTD. K 
5 GROSVENOR GARDENS, LONDON, S.W.1 estner 


THE CHEMICAL ENGINEERS 
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Another successful ‘‘first’’ 


The first automatic electronic control installation 
for a Bessemer Converter plant at 


Richard Thomas & Baldwins Ltd. works at Ebbw Vale 


Evershed’s understanding of process control problems, together with sound progressive research and 


development has resulted in a system of electronic control operating efficiently in the Iron and Steel industry 


Enquire for details of equipment for the control of the following Variables 


Open Hearth Furnaces: Oxygen Blown Bessemer Converters: 


Roof Temperature Blast Pressure 
Furnace Pressure Oxygen/Steam Ratio 
Oil/ Steam Ratio Air/Oxygen Ratio 
Oil/Gas Ratio Soaking Pits: 
Maximum Temperature Pit Tempe 
Fuel/Air Ratio at emperature 
Automatic Reversal Gas/Air Ratio 


Pit Pressure 


Hot Blast Cupolas: 
Gas Pressures Temperature Control 
Blast saturation temperatures Air weight control 


EVERSHED SERVES INDUSTRY 


Two or more Gas Producers: 


INSTRUMENTATION AND CONTROLS DIVISION 


Evershed & Vignoles Ltd., Chiswick, London, W.4 
Evershed & Vignoles (Canada) Ltd., Toronto, Canada 
Evershed-Enraf, Delft, Holland 


Telegrams & Cables: Megger London Telex 


Telegrams & Cables: Evshed Toronto 
Telegrams & Cables: Enraf Delft 
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BAIRDS 


AND 


SCOTTISH 
3 a = = & 


LIMITED ee 


GARTSHERRIE and EGLINTON Brands 
Supplied in Foundry, Hematite and Basic 
Qualities 

All Machine Cast 


HARD COKE 


Sizes for INDUSTRIAL or DOMESTIC use 


LIME & LIMESTONE 


For AGRICULTURAL and all INDUSTRIAI 
purposes 


CEMENT 


CALEDONIAN Brand 


Blast Furnaces, Coke Ovens, Cement Works 


GARTSHERRIE, COATBRIDGE 


Lime Works 
LOANHEAD, MIDLOTHIAN 


Sales Office; 
168 WEST GEORGE STREET, GLASGOW, C2 


STEEL 
Siemens-Martin Open Hearth Basic 
Blooms, Slabs, Billets, Sheet Bars 
Wide range of Sections, Bars, 
Hoops, Strip; Rolling Stock 
Sections, Light Rails 


WROUGHT IRON 


Bars, Sections, Horse-shoeing iron 


Steelworks and Rolling Mills: 
COATBRIDGE and AIRDRIE 
Sales Office: 

46 NORTH HANOVER STREET, 
GLASGOW, CI 











ENGINEERING 
marine, welding 


N 
S 
: 

$ 

N 


& nuclear energy 
EXHIBITION 


The largest event of its kind 
in the world 


If you are an Engineer - of whatever kind - thisis YOUR 
Exhibition. In Olympia on a floor space of over a quarter! 
of amillion square feet, over 500 of the world’s leading 
manufacturers will show their most up-to-date equip- 
ment for your benefit. This Exhibition has been inter- 
nationally famous for over 50 years. It occurs only once 
every two years. Previously it has been held in Septem- 
ber, but in 1959 for the first time it has been possible to 
meet the popular demand for the Exhibition to be staged 
in the Spring of the vear. 


OLYMPIA - LONDON 
APRIL 16th-30th, 1959 


Opening hours: April 27th, 28th, 29th—10 a.m. to 8 p.m 
ALL OTHER DAYS — 10a.m. to 6 p.m. CLOSED SUNDAYS 


ORGANISED BY F. W. BRIDGES & SONS LTD 
Grand Buildings, Trafalgar Square. London, W.C.2, 
Tel: Whitehall 0568, 5 lines. 
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/ Honeywell 
Area 
Flow-meter 


Colville’s Dalzell Works. Area 
Meter Body on creosote-pitch 
line in valve cabin transmits to 
ElectroniK Inductance Bridge 
Receiver on control panel, top 
right 


...olmple... Accurate... Rugged 


Colville’s Dalzell works are among many which n 
recommend the Honeywell Area Flow Meter and Electronik 
Inductance Bridge Receiver as the simplest means of mete! 
ing heavy oil, tar and creosote-pitch. Features of the 
system include 

Among the users of Di a 

the Honeywell Area Meter Body SONS, I-ENS SRM 

are the following: Electric, three-wire transmission 

Guest Keen Iron & Steel Co. Ltd Easy maintenance 

Cardift Accurate, self-cleaning orifice 

John Lysaght’s Scunthorpe Works Ltd Circular Chart Record 

Scunthorpe -_ 

ee Bold, evenly-divided indicating scale 

Dorman Long (Steel) Ltd 6 " : 

Middlesbrough -figure electronic integration 

Richard Thomas & Baldwins Ltd Fully automatic control... pneumatic . . . electric 

Scunthorpe Range 0-80 to 0-2,000 gallons per hour 

Steel Peech & Tozer Ltd 

Sheffield 

Patent Shaft & Axletree Co. Ltd THESE GIVE FULL DETAILS 

Wednesbury Specification Sheet 226a (Area Meter Body 

The Steel Co. of Wales Ltd and Special Bulletin HB 1540 

Port Talbot (ElectroniK Inductance Bridge Receiver 

John Summers & Sons Ltd Write for free copies to Honeywell Control] 

Shotton Ruislip Road East, Greenford, Middlesex 

Shelton Iron & Steel Ltd Telephone: Waxlow 2333 

Stoke-on-Trent 

Appleby-Frodingham Steel Company 

(Branch of The United Steel Companies Limited 

Scunthorpe 


Offices in the principal citie 


and throughout the world 


Honeywell 
HA) Fait co Conctael 
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*,... destined to be, and deserves to be, a best seller” 
Refractories Journal 


The New Entirely Revised Edition of 


Steelplant 


Retractories 


by 
J. Hf. Chesters 





Transactions of The British Ceramic Society: Blast Furnace and Stee! Plant 
No greater tribute could be paid to Dr. Chesters This second edition should find its way into every 
than to say that he has not only arranged his steelplant and into the bands of all who produce, 
material in an orderly and logical sequence but has test, study or use steelpiant refractories. The 
presented it with enthusiasm and imagination author is uniquely qualified to write on this subject 
refractory problems become an exciting chall- for an international readership . . Perhaps the 
enge which cannot fail to appeal to the reader best way of giving an over all idea of its nature is 
to predict that most readers will find it so full of 
Engineering ideas that, like this reviewer, they will make a 
The information available on every one of its series of memos beginning: ‘Let us try this out. . ’ 


728 pages offers experience, which no engineer or 
chemist could bope to gain in a litetime of practical 


observation . . PRICE £4 Sterling $12 U.S.A. or Canada. 





728 Pages 
274 [llustrations Post Free 


The Publications Department ~- The United Steel Companies Limited ~- 17, Westbdurne Road, Sheffield, 10 











US132 


HIGH SPEED STEEL ALLOYS Lip 


FERRO TUNGSTEN 80 85% 





7 FERRO VANADIUM 35/80°, 
ALLoys FERRO MOLYBDENUM 70/75%, 
CALCIUM MOLYBDATE 40/50°, 
for MOLYBDENUM BRIQUETTES 55/65°,, 
FERRO TITANIUM 20/25°% & 40°, 
STEELMAKING TUNGSTEN METAL POWDER 98,99°,, 


MANGANESE METAL 
CHROMIUM METAL 


TUNGSTEN METAL POWDER 
TUNGSTEN CARBIDE 
TUNGSTIC OXIDE for 
TITANIUM CARBIDE TOOL TIPS 

AMMONIUM PARA TUNGSTATE 
and other metallic carbides DRAWING DIES, ETC. 


METALS AND Powpers 


Our specification booklet, giving full details of all our products and our quarterly ALLOY Metals 
Review, will be gladly sent on request to us at :— DITTON ROAD, WIDNES, LANCS. 


78 JOURNAL OF THE IRON AND STEEL INSTITUTE 

















AIR AND WATER POLLUTION 
IN THE IRON AND STEEL INDUSTRY 


O* 25th-26th September and on I1th-12th December, 1957, in anticipation of the 


Clean Air Act, 1956 and the Rivers (Prevention of Pollution) Act, 1951) coming into 
full effect in June and August, 1958 respectively, the Iron and Steel Engineers Group of 
the Institute held two meetings on Air Pollution and Water Pollution in the Iron and 


Steel Industry. 


‘Twenty-five papers were written especially for the meetings, by authors trom Austria, 
France, Germany, the U.S.A. and the U.K. During the meetings some lively and 
informative discussions took place, in which experts in a variety of fields gave their views 
The papers, the reports of the discussions, and contributions received subsequently to the 
meetings, together with additional authors’ replies, have now been published as a Special 


Report in one volume of 260 pp. 


The report, No. 61 in the Special Report series of the Institute, is illustrated with 
over 200 diagrams and photographs and is bound in cloth with stiff board covers. ¢ opies 
can be obtained from the offices of the Institute, 4 Grosvenor Gardens, London S.W.1. 


price L4 5s. Od. (Members L4 5s. Od 
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COMPLETED LININGS TO 





51 BLAST FURNACES 
99 HOT BLAST STOVES 


52 STEEL MELTING 
FURNACES 















BRICKS LAID YEARLY — 12 MILLION 





STAFF — 80 FURNACE BRICKLAYERS 


TATTERSALL 


REFRACTORY CONTRACTORS 


137, SOUTHFIELD ROAD MIDDLESBROUGH. 

















































The Determination of Nitrogen = i» . 
in Steel 


Great interest has always been shown in the role of nitrogen in determining 





the properties of ferrous alloys. Reliable and accurate methods are therefore 


unt 
i 
. 


necessary for determining the content of this element in alloys. 

Che establishment of the reproducibility and accuracy of analytical methods “eeage 
to serve as routine or reference procedures for the many alloys now produced 

is a major undertaking. It was for this reason that the Nitrogen Group of 

the Steelmaking Division of the British Iron and Steel Research Association 

was set up eight years ago. The Report of the Group has now been published 

as No. 62 in The Iron and Steel Institute’s Special Report Series. The I S I 
information it contains will be of inestimable value to all those interested in vas 


this subject. 


Special Report 
No. 62 


The Report, which comprises 160 quarto pages and a number of illustrations, 
is bound in cloth with stiff covers, and costs £1 17s. 6d. (Members £1 5s. 0d.). 


It may be obtained from 

The Secretary, 

The Iron and Steel Institute, 
4 Grosvenor Gardens, 
London, S.W.1. 
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s DUST 


VISCO havea very special way with automatic 


dust collection for re-processing or disposal 


Output can be increased, production costs 
lowered, buildings and machines freed from f \ 
residual dust by installing * VISCO-Beth’ 
automatic dust collectors. If the product is 
in powder, granular or fibrous form——cut costs 
by consulting THE VISCO ENGINEERING 
CO. LTD., STAFFORD RD... CROYDON 
Telephone CROYDON 4181 


VISCO-BETH 

















Collectors are collecting— 
CEMENT, LIME, SOAP POW. 
DER, FERTILIZERS, CHEMICALS 
LEAD AND ZINC OXIDES, DRIED 
MILK, BREWERS’ MALT. STONE 
COAL, AND SAWDUSTS, COFFEE 
FLOUR. ABRASIVES PLASTICS 
BRONZE POWDER, STARCH 

4 RESINS, GRAPHITE 
tg PORCELAIN DUST 


% 


Witer,. 
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Mr. H. F. SPENCER — Managing Director of 
RICHARD THOMAS & BALDWINS LIMITED 
writes :— 

“Although we have our own fuel engineering department 

occasions arise when we could do with additional qualified 

staff. A Regular Service Agreement with N-1-F-E-S provides 

us with a call on fully trained reserves. 

In my opinion no business is too big or too small to benefit 


from a similar arrangement.” 


CALL IN N-I-F-E-S—INDUSTRY’S OWN NON-PROFIT-MAKING SERVICE FOR 
ADVICE ON THE EFFICIENT USE OF ALL FUELS, HEAT AND POWER. 
For address of nearest Area Engineer write to:— 


* * + * . ° 
Nf r i B BS National Industrial Fuel Efficiency Service 


Head Office: 711 GROSVENOR STREET LONDON WI |- Telephone: Hyde Park 9706 








IAEA ~—— ZB 
THE BURN < 
FIRECLAY CO., LTD. 


76 JESMOND RD. NEWCASTLE-ON-TYNE 2 
Manufacturers of 
THE ‘AXE’ RANGE 
OF REFRACTORIES 








Freyn and McKee 





checkers supplied by 
THE BURN FIRECLAY 
CO. LTD., for the most 


modern installations 


in leading Iron and 
Steel Works. 


(By courtesy of Messrs (By courtesy of Messrs. 
Ashmore, Benson, Pease & Co Head, Wrightson & Co. Ltd. 


| Write for particulars and technical data | 
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Condensers and Feed Heaters 


Our fabricating shops at Hartlepool are equipped to build the largest power station condensers, and in the 

same works we build feed heaters, air ejectors, de-aerators and cooling water strainers 

Also at Hartlepool in the recently completed extension to our Turbine Shop we can build the largest steam 
Add to this gas turbines. centrifugal 


turbines and alternators yet envisaged for public electricity supply 
Soveri design and also water-tube boilers to Foster Wheeler design, 


srown 
from an industrial unit, 


and axial flow blowers, all of 
and it will be seen that we can supply all the main items for power production 


designed to run on by-product fuels or waste heat, to the largest public supply station 


Richardsons Westgarth (usnercn.) Ltd. 


“x>\ ‘ex? A member of the RICHARDSONS WESTGARTH GROUP which co-ordinates the land and marine activities of: 


(R XW) 
THE NORTH EASTERN MARINE ENGINEERING CO, LTD RICHARDSs« 
RBINE €O. LTD THE HUMBEI I Ne Dink 
\ RTH 


PARSONS MARINE Tt 
AND D RIC HARDSONS 


(G 
\ GEORGE ¢ ARK & NORTH I 


WESTGARTH (HARTLEPOOL) LTD., HARTLEPOOL, Co. DURHAM. 


RICHARDSONS 
And at: 58 Victoria Street, London, S.W.1. 59 Mosley Street, Manchester, 2. 75 Buchanan Street, Glasgow, C.1. 
R4 
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No. 3 blast furnace at Burnpur 


INDIA No. 3 & No. 4 blast furnaces for The Indian Iron & Steel Company 
AUSTRALIA o. 4 blast furnace for Australian lron & Steel Limited 


SOUTH AFRICA 3 blast furnace for African Metal Corporation & No. 4 for South African 
lron & Steel Industrial Corporation Limited 


Designed, manufactured and erected by 


ASHMORE, BENSON, PEASE & COMPANY 
Associateo with THE POWER-GAS CORPORATION LIMITED 


STOCKTON-ON-TEES AND LONDON 
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Meters & Controls 





SINTER PLANT 


Measurement and Control 






Recent installations in 
well-known U.K 


steelworks 











“Toughness"'— i.e., ability to resist adverse atmospheres, dust 
and vibration — is a “must” for this exacting duty. - ~ 


Long-term, practical experience has given Electroflo instruments 
and controls the overall performance standards demanded by 


the iron and steel industries. Moreover, a comprehensive service 








is offered — the widest range of measuring and control systems, 








provision of complete instrument panels and control desks, 
installation and commissioning services by engineers with much 


steelworks experience. Further particulars on application. 


METERS COMPANY LIMITED 





Head Office : Abbey Road, Park Royal,N.W.10 Telephone: Elgar 7641'8. Telegrams & Cables : E/flometa, London. Telex. Telex No. 2-3196 


Factories: Standard Road, Abbey Road & Minerva Works, Park Royal & Maryport. Cumberland Agents in all principal countries 
throughout the world Member of Elliott-Automation Group 
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